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Pbbbaps  tt  no  time  in  the  history  of  mtQiog  hu  a  larger  quantitjr  of 
miDeral  been  brought  l-o  Che  siirfna!  than  durin^r  the  year  I880-S1,  and  it 
wonid  nfttamlly  be  thought  from  this  ciiriimBtancc  that  the  prafiiSNoa 
of  mining  van  in  a  prosperous  condition,  whcrcna,  tinfortnnat^^ly,  the 
rereiw!  is  the  fact,  and  never  has  the  preesure  uf  aJrerse  times  been  so 
nToraly  felt. 

The  Institute  has  suffered  from  this  oondition  of  things,  bnt  not  to 
the  extent  that  mi^'ht  bare  boon  anticipated.  Tlie  total  nnmbcr  of 
memberB  has  drnTenacd  by  &S,  but  the  income  from  all  Bources  has 
inereofled.  This  is  attributable  to  the  larger  amount  of  arrears  that  has 
been  collected. 

The  accumulation  of  arrears  has  serionsly  occnptcd  the  attention  of 
the  Council  for  some  time  past,  and  although  the  evil  is  great  as  regards 
the  [nstitntc,  it  is  ono  that  is  not  confined  to  it  alone,  fur  it  forms  a 
serions  item  in  the  balance  sheets  of  other  Societies. 

After  matnre  conKidcration  the  Council  recommend  that  the  most 
etringont  measures  pruviiled  by  the  rules  for  impelling  payment  of  the 
outstanding  subscriptions  be  applied  in  all  cases,  and  th&t  in  fbtnre  all 
those  wlio  bare  not  complied  with  the  provisions  contained  in  Form  H 
be  taken  off  the  List  of  Members. 

The  Report  of  the  Finance  Commitbee  appears  to  be  in  every  way 
satisfactory,  and  the  fact  that  there  is  n  balance  nf  a  thousand  pounds 
which  can  be  invested,  shows  that  the  financiul  position  of  the  Institute 
is  sound.  The  Council  recommend  that  the  advice  of  the  Finance  Com- 
mittee be  adopted,  and  that  this  sum  be  invested  in  some  suitable 
secarity.  This  is  the  more  necessary  as  the  nnmber  of  life  members 
oontinnes  to  tncrease. 

There  have  been  nu  excursions  during  the  puist  year.  A  courteons 
invitation  was  received  in  April  from  the  Association  dcs  Ingrnieiirs  sortis 
de  I'KwiIe  ilo  Li^ge  to  view  the  oollierics  and  mannfactoriea  of  interest  in 
the  neighbourhood  of  Liege;  bttt  owing  to  the  latenew  of  the  date  at 
which  the  invitation  was  received,  most  of  the  members  had  already 
made  their  arrangements  for  the  stunmer,  and  tiiere  was  not  a  snilicioRt 
number  of  persons  who  could  avail  themselves  of  the  invitation  to  pro. 
perly  represent  the  Institute  before  so  important  a  body. 
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By  ttw  kind  inviUitioti  of  Mr.  .John  Dagliali  u  very  instructive  and 
enjojablc  visit  was  made  to  Che  Whitbtirn  Colliery,  tu  tQS{ioct  the  siukiag 
opendona  carried  od  b;  the  Kind-Chfiiidron  iiroocaa. 

The  pai«rB  read  before  thu  Instiiute  Jiiriny  the  year  have  fully  equalled 
thow  of  former  years.  The  contribution  of  Dr.  Saiac,  on  "The  Otal- 
Pidd  of  Eiirhnrlollee/'  girei  a  mo«t  intercsMng  dcftcription  of  the  mode 
of  wurkiug  oual  in  onr  Imperial  poesessioiu.  Mr.  J.  D.  Kendall  has 
added  tvo  more  geolo^cal  pa]>cre,  one  on  "  The  Hematite  Depoiiti  of 
WoBi  Cmuherland  "  and  the  other  on  "  The  Irnn  Ores  uf  Antrim,"  to 
htfl  prcriooH  ccintrihuiiotie.  Mr.  Ed^tn  Gilpin  has  g;ircn  a  paper  on 
"The  fiypsum  of  Nova  Scotia,"  and  Mr.  Lebonr  one  on  "The  Mineral 
Beaourcea  of  CenCral  Northumberland." 

Bopine  of  the  more  mechanical  brimchee  of  the  profe»ion  of  liie  miner 
have  been  ably  tllustrnted  by  Mr.  T.  J .  liewiek  in  his  p&|)er  on  "  Uiumond 
Rock  Boring,"  and  by  Mr.  Cliarba  Pai'kiii  in  his  remarks  on  "The 
TnaUneut  of  Ores." 

That  most  important  question,  the  Lighting  of  Minea,  has  ulways 
occupied  the  attention  of  the  Cotmcil.  and  Iiearing  that  Mr.  J.  W.  Swan 
had  invented  a  mode  by  which  mine*  could  bo,  [Mirtially  at  least,  lighted 
by  electricity,  that  genUeuiim  was  asked  to  exjjlnin  bin  views  to  the 
mcmlien).  Mr.  Bwuu  kindly  respundud  tu  Lfao  rcciucst,  tuid  extiibited  the 
hunp,  a  dcHcription  of  which  has  appeared  in  the  Tntneactions.  Moet 
certainly  the  beauriftal  mode  by  which  Mr.  Swan  hns  sococfded  in 
dividing  tlie  Hghl  produced  by  puGaiiig  an  electric  current  through  a 
thin  filament  of  carbon,  has  rendered  the  lighting  of  cuUierics  by  this 
means  even  in  tlic  moet  remote  workings  pwiBible  hnd  safe,  although 
much  seems  yet  to  be  done  before  that  amount  oi  simplicity  is  attained 
which  win  bring  the  process  into  general  use.  The  suggestion,  however, 
is  a  most  v&Innbic  one,  and,  in  the  hands  of  a  goutleman  possessed  of  the 
practical  knowledge  of  Mr,  Snan,  ii;  likely  to  rcaiiU  in  a  most  important 
change  in  the  preaent  mode  of  working  coal ;  for  mcr«afled  light  meana 
also  increaaed  Rafety,  facility  for  the  use  of  mechanical  contrivances 
nndergrouud,  and  an  iQcreaBe«I  amount  uf  care  in  the  sepii-ration  of  band, 
impure  cital,  stone,  and  other  mutters,  which  it  is  now  exurmely  dilSoaJt 
to  distingniah  from  the  pure  ooal. 

However  advantageont  electricity  under  control  may  be  tn  a  mine, 
the  "  Report  of  tlw  Committee  on  the  Descent  of  Lightning  in  Tanfield 
Hoor  Colliery"  plainly  demonstrates  tiiat  when  not  under  ituch  control  it 
may  be  extremely  dangerous.  From  Mr.  John  Baglish's  paper  on  "  The 
Bflecta  of  Lightning  at  Eimbletvorth/'  and  from  the  discussions  wliicb 
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foIlLmod,  it  would  iippcar  that  occnn-ences  Biich  as  are  there  described 
muy  1)0  looked  IWr  as  constantly  likuly  to  happen,  with  the  certainty  of 
exploding  giis  if  there  should  be  any  pre*'ent;  and,  further,  when  it  is 
known  that  sparks  from  a  horse's  hoof,  or,  in  fact,  sparks  Cansed  by  any 
circumstance  whatever  will  fire  gas,  the  wonder  ia  that  so  few  explosious 
have  hitherto  occnrred  in  coal  miues,  and  shows  how  much  there  is  jet 
to  be  done  to  make  life  and  property  secure. 

Mr.  Lindsay  Wood's  paper  on  "  The  Pressure  and  Quantity  of  G-aa 
in  the  Solid  Coal,"  read  about  twelve  months  since,  has  occupied  more 
time  than  was  anticipated  in  bringing  the  series  of  experiments  which 
had  been  undertaken  to  a  close,  but  it  will  now  be  issaed  to  the  members 
very  shortly.  This  paper  will  be  found  unique  of  its  kind,  and  will  no 
doubt  cause  more  extended  inquiry  into  this  very  important  subject. 

The  Council  has  at  different  times  considered  whether  the  Students 
could  not  be  made  more  directly  interested  in  the  working  of  the  Institute 
with  advantage  to  both  themselves  and  the  members  generally.  A  student 
has  more  time  for  research  than  a  professional  man,  and  haa  more  need 
perhaps  to  exchange  the  results  of  his  experience  ;  but  a  natural  difiidence 
ijften  prevents  him  from  stating  the  results  he  hag  arrived  at  before 
those  standing  above  him  in  his  profession,  and  it  is  possible  that  some 
scheme  might  be  adopted  which  would  enable  the  students  to  have 
meetings  of  their  own  under  the  presidency  of  ofiicers  chosen  from 
amnngst  themselves,  who  might  recommend  to  the  Council  such  papers 
read  at  their  meetings  as  they  might  consider  lit  to  submit  to  the 
members  and  suitable  for  publication  in  the  Proceedings.  Such  an 
arrangement  might  be  the  means  of  bringing  the  students  more  together, 
increa.'iing  their  professional  knowledge,  and  giving  them  such  addition^ 
interest  in  the  Proceedings  of  the  Institute  as  would  probably  remain 
with  them  fur  life.  The  Council  consider  this  a  suitable  time  for  bringing 
the  subject  forward,  as  it  is  probable  that  the  Society  of  British  Student*, 
which  has  done  really  good  work  during  the  few  years  it  has  been  in 
existence,  will  be  dissolved,  and  as  the  young  men  connected  with  the 
profession  have  shown  a  desire  to  improve  themselves  by  mutual  instruc- 
tion, it  is  thought  that  nothing  could  possibly  be  of  more  service  to  them 
than  affording  them  the  means  of  doing  so  in  the  way  they  themselves 
have  jxiinted  mit  its  being  tlic  niosi:  suitable  to  their  inclinations. 
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iimma  ^ejort. 


The  Finance  Committee  have  to  report  that  they  have  miontely 
examined  the  finances  of  the  Institute  during  the  last  few  years,  and 
think  that  the  members  have  every  reason  to  congratnlate  tbemselves 
upon  their  position.  The  highest  income  the  Institute  ever  realized  was 
in  the  year  1876-77,  when  it  reached  £2,1G8  16s.  4d.  It  now  stands 
at  £1,993  Is.,  or  only  £175  15b.  4d.  less,  and  this  in  spite  of  the  long 
period  of  depression  that  has  been  passed  through,  and  which  is  probably 
not  even  now  ended.  The  fact  that  the  amount  of  income  is  reduced 
might  seem  discouraging  were  it  not  tliat  the  past  year's  income  shows 
an  increase  of  £50  9b.  9d.  over  that  of  the  preceding  year. 

Although  every  possible  effort  has  been  made  to  obtain  the  payment 
of  arrears,  there  ia  Btill  a  large  amount  outstanding,  and  it  wilt  be  for  the 
Council  to  decide  as  to  the  advisability  of  rigorously  taking  the  names 
off  the  List  of  Members  of  all  persons  not  paying  their  subscriptions  in 
accordance  with  the  rales. 

The  expenditure  of  the  Institute  has  been  £130  4s.  4d.  less  than  last 
year^  and  £504  lOs.  7d,  less  than  the  income,  leaving  a  balance  at  the 
bankers  of  £1,029  13b.  lOd.,  out  of  which  there  is  a  sum  due  to  the 
Treasurer  of  £10  lOs.  6d.  One  thousand  pounds  of  this  amount  the 
Committee  recommend  should  be  invested. 

The  Institute  continues  to  hold  134  shares  in  the  Institute  and  Coal 
Trade  Chambers  Company,  Limited,  of  the  value  of  £2,C80,  and  had 
there  been  any  shares  of  this  Company  procurable,  the  Committee  would 
have  recommended  that  the  above-mentioned  sum  of  one  thousand 
pounds  should  have  been  invested  in  this  security ;  but  having  ascer- 
tained that  the  River  Tyne  Commissioners  are  paying  4  per  cent,  for 
loans  for  seven  or  ten  years,  the  Committee  recommend  that  the  money 
should  be  invested  with  that  Body  for  eeven  years. 

Q.  C.  GREBNWELL. 
WM.  COCHRANE. 
JOHN  B.  SIMPSON. 


ADVERTISEMENT. 


The  Institute  is  not,  aa  &  bodj,  responsible  for  the  facts  and  opinions 
advanced  in  the  Papers  read,  and  in  the  Abstracts  of  the  Gonvereations 
which  occarrcd  at  the  Meetings  daring  the  Session. 
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reaigned,  unpaid,  at  £1  la.    ... 
gone,  no  addreas,  at  £1  la 

134 

By    13  Snbacribing  Collieriea  paid        

By     8  New  Ordinary  Uembera  pud,  at  £3  3b. 

By     1        do.  do.  resigned,  at  £3  8a.  ... 


By  105 

do. 

By 

26 

do. 

By 

1 

do. 

By 

2 

do. 

FAtD. 
£       B. 

1,086  14 

d. 
0 

IN  PAID, 
£         B.     d. 

195     6    0 
14  14    0 
29    8    0 
18  18    0 

25    0 

0 

50    8 

0 

8     8     ft 
6     6    0 

68    4    0 


18  18 

0 

2    2 

0 

4 

4 

0 

110 

6 

0 

27     6 

1  1 

2  2 

0 
0 
0 

65 

2 

0 

9 

9 

0 

3     8     0 


By    11  New  Aaaoeiate  Hembers  paid,  at  £2  2s. 
By     1        do.  do.  nnpud,  at  £2  2a. 

12 

By    12  New  Studentt,  at  £1  la 


By  Hembera' Arreara      

By  Stndenta'     do.  

By  Arrean  coomdered  irrecoverable,  bat  lince  pud  . . . 

Audited  and  Certified, 

JOHN  O.  BENSON  &  Co., 


28     2     0 

2     2     0 


12  12  0 

1,474  0  0   829  14  0 

201  12  0   216  6  0 

9  9  0    23  2  0 

2  2  0 


1,687  8  0   569  2  0 
1,687  3  0 


FxLLOwa  or  thb  Ihstituti  ot  Chabtbbbd  Accouhtahts. 


Newcaatle-npon-Tyne,  Angntt  4th|  1881. 


£2,266    6     0 


(xiv) 
TREASURER  IN  ACCOUNT  WITH  THE  NORTH  OF  ENGLAND 

Dr.  For  the  Year  ending 


To  BaUncc  at  B&nkcm 

To  BaUnco  in  hand*  of  TrcMurer        

To  IMridend  of  8  per  cent,  on  IS4  Sharex  of  £20  each  -  £2.680 
To  Bent  of  College  CUu  Koonu,  leu  Borough  Rates 


To  Subtcriptions  for  1880-81  from  617  Origiiua  Members 


Do.  do.  16  Ordinarj  Members     ... 

Do.  do.  I  do.  paid,  as  Life  Member 

Do.  do.  42  Associate  Members     . . . 

Do.  do.  105  Students         

Do.  do.  2  do.  paid,  as  Uembcrs 

Do.  do.  3  New  Ordinary  Members 

Do.  do.  11  New  Associate  Hcmbors 

Do.  do.  12  New  StodflnU 


£1.086  14 
60    8 
25 
88 
110 
4 
9 
23 


To  Sabscrilnng  Collieries : — 

Ashington              £2     2 

Haswell                4    4 

Uetton                  10  10 

Lambton                10  10 

North  Hetton       6    0 

Londonderry        10  10 

Ryhope                 4    4 

Seghill                  2 

South  Hetton       4 

StelU                      2 

Throckley             2 

Waarmonth            4 

WWtworth            2 


To  Members' Arrears       20112  0 

ToStndonts*      do 9    9  0 

To  Amart  considered  as  irrecoverable,  bat  nnce 

paid           2    2  0 

To  Sale  of  Pablicatioiu,  per  A.  Reid 

£«w  10  per  cent.  Commission       

Tb  Sale  of  Publications,  perSeerataiy 

To  Balance  dneTraasuivr         


12  12 


66    2    0 
1,474    0    0 


213    3    0 


42     4 

6 

4    4 

6 

38    0 

0 

4  14 

e 

£  s. 
4G9  12 

45  0 
214    8 

48  15 


777  16    3 


1,687     3    0 


42  14    6 
10  10    6 


£1,518    4    S 


(xv) 
IXSTITUTE  OF  MIXING  AND  MECIIAN'ICAL  KNOIXEERS. 


Amguil,  tSai. 

Bj  I^ud  A.  Reid 

.  PubliKliiii^  Account 

Do. 

Coven  for  l^rta  ntid  Stttcliiuff 

Do. 

Binding  aud  Sowing  VulunnM 

Do. 

Putitagc           

Do. 

Stationery  aud  CirciilurK 

IK 

Ijiltrary 

Do. 

BoringN 

By  other  Printing  nnd  Stntioiipry  

By  Secretary's  Incidental  [ixpc]i!i(.'3  and  Postaf^ 

By  Sundry  Accouiita        

By  TraTclliiig  Espcniics ... 

By  Secri'tary'a  Sularj-      

By  A Msi slant's     do 

By  Reporter's     do 

By  Payments  oil  account  of  Famishing 

By  Rent  

By  Rates  and  Taxes         

By  Fire  Insaranco 

By  Water,  Coals,  and  Oas         

By  Subscription  to  the  Natural  History  Society 
By  Bitolu  for  Librnrj,  in  addition  to  amiiiitit  paid  A 
By  Instruments    ...         ...  ...         ...         .  . 

By  Expt^nscs  in  connection  with  Ventilator  Experiments 

By  Awards  fur  Papers     ... 

By  Snowguard  and  Repair  of  Windows.  &c.,  Wciod  Mcmoriul  Hall 


By  Dnlancc  at  Bankers 

Bt  Bulnnce  in  hands  iif  Treasurer 


Roid 


£ 

s. 

d. 

£     s.  d. 

271 

S 

0 

33 

9 

0 

37  17 

0 

32 

10 

7 

lis 

3 

1 

23 

13 

2 

33 

0 

<> 

579  17    4 
4    7    4 

loi  10    3 

73  12     5 

15     C    8 

300    0    0 

75     0    0 

12  12     0 

5     4    4 

73    8    4 

14  11     4 

9    0    6 

20  H  10 

SO    0    0 

61     1     4 

n       >■       ,t 

9  18  11 

3    7  10 

all 

G6    0    0 

1,488  10     5 

1.029  13  10 

Anditcd  and  Certified. 

JOHX  O.  BENSOX  &  Co., 

FBLIOWB  op  THB  iNBTnTTR  OR  Cir.^RTRRRP  ArrorjfTANTB. 

Newcastle-upon-Tyne.  AngtiHt  4tli,  1881. 


£2^18    4    3 


(xvi) 


.3 

I* 


d 
Q 


>:  C 


iatrons. 


His  Qnce  the  DUKE  OF  NORTHUMBERLAND. 

Hig  Orace  the  DUKE  OF  CLEVELAND. 

The  Uost  Noble  the  MARQUESS  OF  LONDONDERRY. 

The  Right  Honounbto  the  EARL  OF  LONSDALE. 

The  Right  Hooounible  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  OREV. 

The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  LORD  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OP  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq.,  M.P. 


^^^^^^^^^^^f       ^onorar;;  ^cmbtrs. 

■ 

■ 

^                                                

Owa. 

"^!!^^« 

^H                   Hu  R^a-L  H^imraMr  tl..>   EARI.  OF  RAVGNSWUKTH 

1877      ^^H 

^H                 WILLIAM  .\I.KXAM>KR.  Iv"]..  lmi<r«tcirnrMiiK-<.  nia«uw       — 

1883     ^^H 

^^H               •  JAMRS  P.  IIAKER.  Kiu|..  Ii»)<(«turof  Minei,  WuKcrliainptMl      ... 

IBU 

1888     ^^H 

^^M                 JOSKPH  DK'KIN.SON.  P.<.|..  Inifwctoror  Minr«,Ma»cli«flt«r       ... 

ifm   ^^H 

^^^                  THOMAS  RVAN.S.  K*t\..  iiiipector  nf  Mines,  Ven-y-Vrpi,  l»iifflc)d 

^1 

^^K                           Rnbl.  T>.^r1>.r 

18M    ^^1 

^^H             •  HliNKV   II.MJ.,  Kaq.,  Inufw-tor  of  Minn.  Kiiinliill,  Pn>iHXitt 

1878     ^^H 

^^H            •  RALPH  MOt)KE.  E«.]..ltutpMtirrof  Muiea,GlMe»«r            

1866     ^^1 

^^H               CHARLKS  MORTON.  R>iq,  TIm  Omiru.  I^t-  V^a}\  Soiithinrt      ... 

18&S     ^^H 

^^H             •THOMAS   K.  WALKS.  E«|..  tn«t--«l^r"f  Mi[Hx.Swit»MM    .„ 

LB5« 

1866    ^^H 

^^H           •  FRANK  N.  n'ARUKLU  hU<].,  liHpectnr  of  Mini».  Wmlli-on-Detru 

^^H 

^^^^^                          amr  Ri>tlH*rlMin                              ....         

iwi 

1808            ■ 

^^B           •  JAMKS  WILLIS,  tUq.,  [napretnr  r-f  Uiuc*.  l*.  PortUnd  Temw, 

H 

^^^^^^^                     Npwmj*tti?-Mi-Tjmp 

1B&7 

1871             H 

^^^^H        THOMAS  WYNNR,  Efg.,lnipHrtnr(if  lCiilci,HBiKirHo«M^aiMaiU, 

^1 

^^^^^V                   SUfTonl 

ifisa    ^^H 

^^H               WARINIITON  W.  SMYTH.  B«|..  W.  Jwtnrii  Strwt.  Ltmdaa       ... 

1M»     ^^H 

^^H                 Till  Vkuv   ItKV.   I>ii.  LAKK.  Ihwi  of  tlnrluim                        

1872     ^^H 

^^H            •  PKt)P.  W.  S.  ALDIrt,  M.A..  friiinpfti  of  the  Col.  of  llijr*.  Se.,  K'outk 

t87S     ^^H 

^^H             •               a.  8.  BltADV.  M  D..  K.L.H.                    do.                   da.       ... 

I87S      ^^H 

^^M           •      ..      A.  PBEIRR-MARRECO.UJk.              do.                 do.      ... 

im  ^^M 

^^H            •      .      A.  8.  HKRKOIEI..  M.A.>  F.R.A.U.        do.                 do.      ... 

1878           ^1 

^^H                           a.  A.  LKRUI7K.  M.A..  V.Q.».               do.                 do.      ... 

1879 

IB79            H 

^^^1                 M.  I)K  HOLRKl-'ILLE.  (VmiiiuktidAnrdebl  I.r^nn  irHouMtr,  Con- 

^^H 

^^^^H|                           bpilirr  tlVui,  InaprrtiHir  Opnpral  ilr*  MiiH%  I'mH" 

leM  ^^H 

^^^^L          Um.  11.  VON  Ult:t'UHN,  BMgluuiptuuaii,  KiLUr, «ti:.,  Hon-MR-Rlilno^ 

^^H 

^^^^H                     Pnmim                   

1»3           ^1 

^^^^H           M.  TIIRiU'lIILIC  nUIBAL.  BclmJ  of  Mini*.  Motu,  Belgium       ... 

1870     ^^H 

^^^^^        U.  E.  VUILLEMIX.  MliH«d'AiildM(Nnrd),FnaM         

1878    ^^H 

^^^f                               Si^  S^tmbfn. 

^^^^^ 

Ohb 

Uhl    ^^^^I 

^^H                C.  W.  BARTHOLOMKW.  K«q,  BkkMUy  Ball.nM^T(lwee«l«f 

18H   ^^H 

^^H                DAVID  ni'RNS.  fCvi.,  l-.K..  Kro..k(ulo.  Il«il<«lit>tl«            

1877    ^^1 

^^^1                 E.  B.  COXB.  n«|.,  llrifUxi,  J«ltli>,  I'.O..  Luunw  Co.,  P«nB<.,  DA  ... 

1878 

187«    ^^H 

^^H               JAMES  8.  DIXON.  £«{..  170.  Hvfw  8tn«t,  Ob««ow           

1878 

1880  ^^H 

^^H                KRNF..^  IIADUK.  »Uq..  c:<k>tl«  l>,*ktv  KheOeU         

m7S 

1876    ^^H 

^^H                Q.  C.  IIEWnT.  &c|..  Cnnlj-it  H«atl>  OilBvry.  mn  Briftol  ,. 

1871 

187»    ^^H 

^^H               HKNRY  Lll>OKTB,EBq..>LE..BIXBwBagnd«BnMiBli 

1877     ^^B 

^^H                NATHAN    MILURR.   Km^.,   KurluirUb*  OMtiim,  SmI    ImUm 

^^H 

^^^H                           lUllwK^,  Cbonl  Utie.  Ufitoal        ,.        ...        ,..        ,„        ... 

1878    ^^H 

^^H                n.  J.  MORTON.  K«|..  -K  R»5>1  Cn««itit.  AearlNimagt         

1850 

i«n    ^^H 

^^H                RUDOLPH    NAtti<R,    Konigl     Rvrgwrrk^     Dirvct'ff-.    LtniiMDOiftL 

^^H 

^^^^1                                 SaArlirllckea 

i8ne 

1880     ^^M 

^^H                W.  A.  PiyTTKR.  Km\.,  CmtnlltifflMi  H^raw,  KnrthnmlMTUtMl 

1B6S 

187«     ^^H 

^^H                R   CLIFFORD  »MITH.  K«i.,  PwHirld.  Hwiobn,  HMohMtor 

167*          ■ 
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OFFICERS,     1881-82. 


Srwidfttt. 

aBOROE  BAKEK  FOKSTER,  E«].,  M.A.,  Uackwortli  Houm,  Newcastle-oii-Tjiie, 

WU.  ARHSTROXG,  Sen.,  Kw)..  Pelaw  Houxe,  Chester -Ic- Street. 
CUTH6BRT  BEKKLEV,  E.i<).,  Marlcj'  Hill,  UaU-shcud. 
T.  J.  BEWICK,  Esq.,  Ha^doit  liriOgi.-,  NortliuuibcTlaiid. 
JOHN  DAQLISH,  E»q.,  &tar»duii,  Smith  Shields. 
THOMAS  DOUGLAS,  Es-i.,  Wiwt  Loclgc,  CruoV,  Darlington. 
J.  B.  SIMPSON,  Esq.,  Hudgcfield  House,  Blajdou-on-Tyiie. 

douncil. 

WM.  ARMSTRONG,  Jun.,  Esq.,  Wiiigate,  Co.  Durham. 

E.  BAINBRIDGE,  Esq.,  Nunnery  Colliery  Officii,  Slieffiold. 

T.  W.  BENSON,  Esq  ,  11,  Newguto  Street,  Newcostle-on-Tjiie. 

R.  F.  BOYD,  Esq.,  Moor  House,  fence  Houses. 

V.  W.  CORBETT,  Esq.,  Chilton  Moor,  Fence  Houses. 

S.  B.  COXON,  Esq.,  Usworth  Hall,  Washington  Station,  Co.  Durliam. 

S.  C.  CRONE,  Esq..  Killingworth  Hall,  Newcastle-ou-T^ue. 

W.  GREEN,  Juu.,  Esq.,  Thornelly  Hontte,  Lintz  Green. 

W.  H.  HEDLEY,  Esq.,  Medonwlty,  Ne  w  castle -on  Ty  no. 

THOS.  HEPPELL,  Esq.,  Leatield  Hun.w,  Che^iter-le- Street. 

Pko».  O.  a.  LEBOUR,  M.A.,  P.G.S.,  College  of  Pliyitical  Science,  Newcastle-on-Tjiie. 

WM.  LISHMAN,  Esq.,  Bunker  HiU,  Fence  Houses. 

GEO.  MAY,  Esq.,  Huton  Colliery  Offices,  Tync  Docks,  South  Shields. 

B.  S.  NEWALL,  Esq.,  Femdcue,  Gateshead. 

A.  M.  POTTER,  Esq.,  Shire  Moor  Colliery,  Newcastle -on  Tync. 

J.  G.  WEEKS,  Esq.,  Bcdlingtini  Colliery,  Bedliiigtun. 

JAMES  WILLIS,  Esq.,  1+,  Portland  Terrace,  Newcastlc-on-Tyne. 

W.  O.  WOOD,  Esq.,  Trimdon  Grange  CtJliery,  Co.  Durham. 

Sib  W.  G.  ARMSTRONG.  C.B.,  LL.D.,  F.U.S.,  Jeainond,^ 
Newcastle-un-Tyiie.  | 

E.  F.  BOYD,  Esq.,  Moor  House,  Felice  Houkcn.  „    , 

SiH    GEORGE    ELLIOT.    Bart.,    Houghton    Hall,    Fence  V  „_    .f. 
Houses.  1^  Presidents. 

Ex-offieio  J,  Q.  C.  GREENWELL,  Esq.,  F.O.S..  Tynemouth. 

LINDSAY  WOOD,  E»<i.,  Sonthill,  Chester-le-Strcet. 
WM.  COCHRANE,  Esq.,  Gruiiiger  Street  West,  Ncw-> 

eastle-on-Tyne.  /         Retiring 

JOHN  MARLEY,  Esq.,  Mining  Otbueo,  Darlington.        [  Vice-Presidents 
A,  L.  STEAVENSON,  E»t|.,  Durham.  ) 

Sfcrttatg  and  ^xtjimxn. 

THEO.  WOOD  DUNNING,  Nevill-^  Hull.  Xettciuitle-<.ii-Tyne 


AlIOVST,  1881. 


©riginni  ^JJcmbtrs. 


lUrlwd  n  an  urn  MtttWn. 

1  Aoms,  0.  r,  QolU  HftU  CtuMibrm,  r«rdiff      

S  AntJii,  W.,  CnmbntlgD  llnuw,  I'ark  Ilaoe,  Cardiff     

Z  Apakbox.  Daxiru  Bngineertntc  U'lfki,  Dakiiifldd,  nrar  Hnnebeirtcr 
4  Addt,  W.  F.,  SUroh«y  Main  ColUorj,  BIplej.  n«r  I>ctVj      , , 

t  AlTKIlT.HEXir.  Falkirk.  N.n 

a  AUJMU,  T.,  Bdnumt  Mluva,  aniabin' 

7  ABDBEK5.  C.  W..  Sm  View,  .Sonth  ShiHdj 

8  AvoSMH^n,  Wii-Uiiil,  lUinton  Colliery,  Kotioo  IIonic< 

9  AvDEKWB,  Ilran.  i'elUM  Park,  PdUiu.  N'tirthnintwrUnd 

10  Applbbt,  C.  K.,  ClMring  Cm**  Cliatnbwn,  Duko  St.,  Adclptil,  Loii<lrin 

11  AKriiBB.T^  Dnutun  Kagtuc  Wflrk«.(latMlMad 

12  AiiuaiBOKO,  8u  W,  Q..  C.B.,  LL.I>.,  F.R^,  Jgrnood.  Kcv«astk- 

npna-Ttna (PiST  PbIWII)1!."*T,  Member  of  C^mrH) 

15  Aiiiiatiiuiro.W)i.,Soa..r<-lnwIIoiiM>,Cltci>t«r-le-SL(Vi('i-PBi!itiiiit5i) 
14  ABKSTBoyo,  W.,  .tuiiii^r,  Wlngali^,  Co.  I>urtkam  (Memher  of  CimmeilJ 
1(  AaMtTsovo,  W.  L,,  Kvtilubnnk  CuIDery.  Tamworth 

16  AiTHFa.  DjtriD,  M.  E.,  AeeringtoB,  near  HanchMlw  

17  Asiiwoaiti.  Jj«MBf,  66,  I'lTpvr  Duko  Sitvcl.  S4>uib|K(rt 

IB  A^BWorrn.  Souv,  Bi^n  Criyn,  tUnfcrit,  Unld  

19  AsQCtTU,  T.  W.,  Soaton  Dcland  CalUer;,  Nortliunberland 
SO  ATKinoK,  J.  B..  [tidlcjr  Hill,  HbockalWd-aB-Tytu 

11  Amitsox,  W.  N«  SliiiMliffe  HaQ.  DvlistB       

at  Atmur,  n.  C,  M^ptn  C<«1  A  Iron  Co.  LA..  >tUiMlU1i.  iwar  Wigaa 

St  Avtnitl,  Jonir,  Cailiow  Cual  Cu..  (na<«it«r 

M  kTBOMT,  U'y.,  BiTukiMll  CaUiericB,  Clurlc,  Ituabon 

K  BAaurr.  Chai.  Joiis,  Tmb  Bridge  Iron  Co.,  8t4ielitoii 

20  Baium,  Qbohoi.  Uorton  CoUlvj,  SoiidcrUiad  

rr  Biitn.  JoMX.  ninfirt*  CUlkr7.  ParTrUU 

SB  BULH,  T..  Jnnlar.  41.  Loraltw  flam,  N««ca>ll»-oti-T«iM) 
SO  BAtLW,  W^  WmI  lUlon.  Rnthceham 

80  Bailit.  SiaCKU  r«rT]r  Ban,  Blnalnftkan      

tl  BaiN.  It.  Do5AU>,  Nnvrport,  MimauiallMlilrr 


wthmtKO, 

Dec 

6.  1873 

18&4 

Aug. 

7.  1875 

Miy 

6.  I87<t 

M«r. 

2. 1SG5 

Feb. 

1. 106S 

ADS'. : 

21,  less 

Aug. 

SI.  19SS 

OcL 

5. 1H7S 

A,«. 

1,  ISA 

Jal/ 

s,  is7a 

May 

a.  1866 

A<i«. 

21.  1852 

Apnl 

7,181)7 

Mar. 

3,1804 

Any. 

4.1877 

JVb. 

5. 1870 

.Sf)ll. 

S.  1S7S 

»Vh. 

S,18<ff 

Mar. 

K.  IS70 

J  lino 

6,  180« 

KrU, 

h.  1870 

Ngv. 

4,  ISTd 

Mar. 

8.1073 

Jane 

M8?ft 

I'ob. 

M«77 

S«pc 

fi.iiMtfi 

{)rt. 

7,1868 

Apn] 

1  7. 1«77 

JniM 

2.1880 

Mar. 

3.1878 

fxjj) 

9S  BAiTDKiDai,E.,NnutiM7Ci>UuT7  Officm.  ShL<ttoU  ^JUm.  ^ CtM«cJ/>  Dm.    3,  IBM 
83  Baxks.Thohas.  I^lu  ncftr  Mniielvcri«r         ,    Ang.  4,  1877 

54  BadcxAT.  A.,  Calcdonift  Foandr^,  Kilawrnock  ..Dee.    6^1806 

WBAaxcs,  Wn.  An;.  81, 1858 

S6  BADirn.  T.,  SmI'ih  DeUml  OSIm-,  Quay.  NvurcMtle-un-Tjiio  ...  Oct.    7. 1871 

97  Babut,  a.  J.,  RtiBboii  Cool  Co..  Rukban  ...         ,..  8apb  U.  187S 

55  BAKTiioutMBW,  C,  Ouitl«  inn  lloiw,  Kaling,  LockUi,  W.  ,i,  „,  Ang.  S.  ISM 
S9*BjjnaOLO)ixw.  C.  W..  BUkciler  HaIL,  iw*t  ToircMUtr         ...  Dee.    i,  1875 

'  40  B-iaeBTT,  A.,  Tredi^r  Mimral  Katoto  CAW,  t'antiff  18ft4 

41  B&x*.  Uattukit^.  Bcwii  Hill.  bUyi1'>ii-on-T,vnc  Mu.  K,  Ifl78 

42  Batm,  TnOMA^  lloddon,  WjUm,  NoTthimiborlaml  M*r.  8,  1H73 

43  Batss,  W.  J..  Old  Axnrcll.  Wlii^kham.  (lalMhMd-on-TyM Uar.  8. 1878 

U  Batet,  Jotix,  Nrwburr  (!olIime«,  CiAmtnii,  llnth  .  D«e.  S,  1X68 

4fi  Bbaxla?:us  A.,  )|JL,  Xonh  Bailev.  Durham Mar.  7,1807 

46  Bkittmoict,  Jaur«,  U.K.,  Xaiuumo,  Vkiioquvct's  l>Uiid         Nu..    7.  1874 

47  Bkll,  1.  L.,  Roantoii  Oniif^.  N'Arthall«rkin     .July    6. 18U 

48  Bnx,  JOH.1  (H««n.  Bvll  Brothcm),  Miitdloabm'.on.'IW*  .  Oct.     1. 1S&7 

19  BlU,TilOUAa,  Crmbv  Coiirt,  NorthalWtoti ,.  S<-pt.    S,  IH70 

SO  tint,  t^  Juii.  (Mc«r«.  ]Ml  Bn,ll«-iM).  Middlu.bro'.ou.T««  ,   Mar.    7,  UW 

fit  Biraos,  J.  0..  Avc-iuHtatit.  Ntm-eutld-oii-Tjmo  Nov.    7,1874 

6S  BlKMir,  T.  W.,  II,  XL««gBtr  Sinwt,  NVwoutio  fj/rin&^p  ^  CbaNm/J  Av^.  8,1806 
(3  BsfiKLxr,  C.  Miu-tv}-  BmG*m«T.r,  (latMliaid  ...  CVicB>FnniDt)n)  Aag.  21. 18fi8 
U  Be^wr'SB.  Wii.,  SiMiHi  PuraiU.  rCocliJalis  St'i*.  It  187& 

65  Bewick,  T.  J..  XT.  Iu«l.  C.E.,  F.O.S..  H»jil..ii  BritlBC,  NortbiimWrUml 

(Vii?e-PaE8iD»sr)  A\mi   B,  I860 
SR  Rtl>tiB&,B.  P..  r/oC.  J.  llfUnd.  3.  SimaUStrvct,  Urlttol       Mny     2,1867 

67  Bicu»j>,  J.,  BnU'Md  Lwlgv,  RUIki|)  AnckUui)  ....        ...  .  June   4, 1857 

58  Drinf!,  C  CUycTO**  IVrbyiUire Juljr    6.1844 

59  BiBAM,  B.,  Pcwcluj-  Cmw  Cvllicrir^  St.  Hc1«ii'».  Uiicmtan  ..  1656 

fi)  Black,  Jauks.  Jtin..  Purtobello  Fuunilry.  Snniierland  Kept.    S.  1871 

61  Black,  W.,  Hcdwtirth  Villa,  Suulli  ShleUt       A|iril   2, 1870 

68  BOLAM,  H.O..  Little  [ngMtrcHMffoni..        ...  ..Mar.   6,1876 

03  BoLToy,  H.  H.,  Ni^wctinrch  Ci'Ili»>Tie«,  near  M»iic1iettn         l)«c.     6,  190B 

64  Boorn,  B.  h.,  XAnngUm  Cnllirrr.  near  Morpeth  1864 

66  B001511,  FxTKR,  39,  It.xinej-  Stre>pt,  Uvenniol IR54 

68  Bcii-BKl,TlK».  W.,  Urmwli-j-.  ^^I^l.:tp  -.         -..  .S^pt.  11.  1-76 

67  Bovi),E.F.,M'»rlIuu»c,yciiceHousOT(?A«Tl'ii«*., J/f«a.o/Co«iiciV>  Ang.Sl,  1858 

68  B£>Ti>.  It,  r„  Mwr  limine.  Kciid-  HntuM  (Mttub^r  of  CoumciiJ  Noir.  6.  1888 
68  BoiD,  Wii.,  71.  Jt»ui(>[i(l  RiHul,  Nvwciuttle-uu-Tyue Feb.     3.  1867 

70  BftAiiMMi.,  (lEir.  KtlicrU->.  H*ml.n]>  AiicVliind Oct.    11.1878 

71  fiBKCK05.  J.  II..  P&rk  Plftcc,  Sundnlniid  »}pi,    3,  le&l 

78  BurrCLt,  T..  Mine  AgenUDudlcv,  Worco.4ter«hire     Nor.   3,1866 

78  BaOMtLow,  Wh.,  18,  Lricwlcr  Strool,  Si>iitli|Hirl,  Laiicjukiro  ...  BtpL   2, 1876 

74  Bbow.\,  R.  79,  CUyt.tii  Street,  SowMstlfloiiTyiio     Mar.    7.  1H74 

75  Bhowx,  Joust,  The  llawlhonu,  It,  LnxKll'ii  K'liul.  BinnlitKliiiU)         ...  OcL     6, 1864 

76  BSOWK,  J.  \.,  oCl  Union  I'awiigc,  Now  street,  DiriniiigliiaiR             ...  1861 

77  Bbow<f,  Tdcm.  FonsTBR.  Qiilld  lUU  CliuiiibvrK,  Cardiff         1881 


(Xlii) 

78  Gkowxb,  B.  0.,  U.l.C.R,  No.  S,  OTmnvlltp  Kiwd.  Jonnond.  Kewcsotb  Oct.     1,  1870 

99  BxtTov,  n'.,  32,  Htgli  Sliwit,  HothorWii.  Yurlulura. 

80  fiuroAH,  n*iixiAJl.  Rowclnid^  Colllerr,  VVicwi        

81  IlHTfltU,  W.,  Juii..  IliMglM  Uaiik  C'oUiiirivt.  Wigan 
M  RcxxiNo.  TiiKX    Wood,  XwUle   Hkll,  Xewoutltf-on-Tj-iie 

SS'Bdiuib,  lUriD,  C.E.,  Bnwk«iile,  IUtirtali;tl« 

34  Bdkmows,  J.  8^  Iloiro  Bridgv,  AUwrtna,  imr  Mjuicbwtor     

H  ('At.t'WCM.,  Oko.,  Th«  Oror*,  W«A  Roi^biD,  ar.  Bolton,  Imnnuliini 
86  Cahj-ubll,  W.  B^  t'miMllltv  EngiiMsr,  Qrvy  Streot.  XvwgmUu      .  . 

It?   CaHK,  WH.(k)CHK<l]l,  Sniltb  Brnwi-ll,  NvWOMUoKKI-TjIif 

88  Cakmixotux.  T..  Jaa.,  KiidcUffe  Coiut,8lMaoU 

88  Catiioji,  J..  Brullou  11*11.  Suit  bum -bjr.Uie-SM 

!K>  Ciixi»iM>ti5.  B.  T..  tliittiHi  Cullivrio,  Alfrvcmi,  Dorb/ibini 

HI  ruAUHKK-,  A.  M..  TbiirDcliffo  Iran  Wnrlui,  nmr  Shetteld        

OK  Citkrmkn,  U.,  Fbuhmu  CoUibt.  NontiumborUiKL  ... 
BS  Chauliun,  Gkukdk,  WjuluiigUw  Ci'llitrj,  C».  Diirhatu 
(H  CuECKUir.TuoUAs,K.E..LkUkU  Strut.  WaluU 

96  CHKinn^,  1.,  Tlinickli'v  (.'nDictTr.  Noni-iMtU-'xi-Tjue 
06  CflRliitJiK,  H*.  T.,  Wirt!  Ku|iu  Mftiiufaclurer,  Il»rt)i.i>oot 

97  CuiLiiK,  RoWLANb,  WakHicUI.  Viwlulunt 
08  ClahKJicm.  TiloHAe.  KUwick  OiUWrT.  Nvw-cultuvoit-Tjrw     .. 
DU  Olahk,  C.  v..  (lar*w>MMl  Coa)  and  Imii  Co..  tiiwr  Wigui 

100  Clasc.  Q..  N«wliio-le-W[|Uiw«,  I^ni'iulilro 

101  Clahk.  H.  II .  Marlt-v  urn,  iiMM-  C}«t«iliK*d 

lOS  Tlakk,  W..  M.K.,  The  Umngv.  Tanmii,  iM-«r  Maii*fit-I*)        

1^9  CtAKKK,  WtLUAH,  %'ictnria  Kngino  Work*,  UbIc^mmI 

lOi  OocnBAKK,  il.,  Aldiu  Onuige.  Onriam 

10b  ('ixmrnxyt,  L'.,  Ttia  Onu^,  tUoarbrid^  

100  CocMKASK.  W.,  St.  John'a  CfaBnibm.  Om{ilgM>  Stn«t  Wnt,  Nirweull* 

(Mwmhn-  ^  ComrneitJ 
1L17  Cucxsrut.  Q..  8,  8ai»invrliiU  ()r>jvvi  NewuutU-on-TjtMi 
10«  Coui,  HirHAUi,  Walker  Collier;,  ami  N»woulle-oB-'I^iH)      . 
100  CyLE.  KoBiat  lUitii,  .Scb.Ur  Oriwti,  St"kc-u|i-m-Tr«il 

110  CoiiH,  W.  11.,  ItnKininplil.  Ji^niiiliil.  NVwvadlr-im-T/tio 

111  COLUi,  W.  B.,  Hurinfonl  Hmuw.  tHiHirbrkliP*.  Wnrmlertfain 
lU  Cook.  J.,  Juo.,  WaJiiu^^ii  Iron  Wurkik,  UaluabeMl 
lia  Cooks,  Johb,  Laiiirkv  (JId  Itall.  naar  UviIhis 
114  Ca  Kaiir,  JuflBrM.  Wnt  Broiawkh,  Suffunldiirr 
lift  i:oortiH.  !>..  Tbomlirjr  CvtUcTy  OOIm,  yarrjltlll 
lia  CoorEu.  K.  B.,C.K..l,WaatnlB«t«rCliuNiMt%Vlelarte8tr«et,Loa4Aii 
117  Cuorau,  T,  It/Mtlilll,  BMlwrimn.  Yurkahira      ... 
lia  OorB.  JftHBt,  I'lMt  Vala,  Lannport.  tH&ffimblura 
110  CoHDVTt,  V.  H'..  Ufallton  Moor.  Tmim  Uoumm   fM*mifr  i^  C»m»cHJ 
mo  Uonairr,  U^  Wire  Uo^a)  ilaiiafaiTlutifr.  Tmuu,  Uali?Kli(«d 
LSI  CDClaOX,  I'..  10.  Vbrturia  Tamra,  Uurliam 
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Nov. 
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S.18K 
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6.1873 
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8,1870 
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4.1876 
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1.1888 
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la  Coruox,  W..  az.  CnmgtU),  Duriwro    ... 
1S8  Cowijr.  Jcw^  U.r..  WmjitM  Bum,  Xnmatk-oa-Tjne 
IM  CoWBT.  JoiiK,  Wnrtuualh  Collicrv.  Smi.U-rlwi.l 
115  CowusDAiT,  J.,  TboritdiffL-.  4e.,  CiUii-no<i,  nrar  KholHcId 
12R  {'ox.  Joiix  H.,  ]I7,  St  Oocivv'f  tVpurek  ttendcrlaod    ... 
U7»C<iiM.  K.  It..  Driflou.  Jcd.li>,  P.  O.  Luxvnin  C.i..  IVniw..  IT.S. 
1Z8  Coxox,  a  B..  Csworth  CoUierj.  nTosliiiiictAn  PUHnu.  Cn,  Dnrhuo 

(Mrmhtr  of  CommtrO) 
U9  C'uiQ,  W.  T.,  nUaoe  Cluiinben,  St.  St«|>l)cn'ii,  \VMtaijiial«r.  Lmulon 
130  CHAVrpi'BH.  T..  Liitlitjxni  i\A\\vry,nwt  DurUm 
ISl  C'mwpoBit,  T.  3.  OnwuM-re  Strwc,  Oalivlu«d-no-T>ii« 
132  C'K&wpDBD.  T.,  Juh.  l.it(li-town  Cbltwir,  mmr  Uttrhmn 
ISS  Caiw&nAT.  K..  QaAe^kuaA-m-Tjmm 

I8t  CxAW-atiAr,  U^  a*te>b«Ml>aa>TjrM 

IW  Cboxb.  B.  n*..  KUUtigwnrtli  Mall,  amr  KL-woutlp-^D-iynr 

186  Ckoitr,  J.  R.,  Ti'Uf  Uw,  mn  Itarlitigtnii 

U7  Ckoxk,  S.  C.  KilliniriroRh  &illi«rj.  Xewcwllc  fSirmhtr  of  C^nnrHj 

1S8  Cson,  J0H5.  71.  Ring  SirrH,  MaucliMlur        

UO  Obocdacb.  C  J.,  TIm>  LkutvLi.  X<>itti>ii,  l>v  Phmbir 

IM  Croci^ai'E.  Jdhx,  U'ciL  Holme  llalfrliiatlv 

Itl  (.'iwcDArB.  TnoHAB,  I^mbton  l.od(;«,  Newttomh  K'ala        


UM.   i,xen 

Oct.     M8H 

Mar.  7.  ItM? 
Fib.  4t.  1K75 
Feb.    1.  1879 

Jm  B.iwe 
Nov.   1,1M» 

Jlug.  SI,  18G2 
tk-]rt.  8,1M4 
7,1M» 

4.uee 

4.180B 
6,1870 
1. 186S 

I8sa 

fi.  IMS 
S.1H73 
7,1OTB 

isfla 


Apr. 
Doe. 

Dee. 

MftT. 

Feb. 

JdlM 

Kor. 
JaiM 


Its  Daoluh,  JonK,  Manden,  8oiit.li  8hi4!li1ii  ...    {Vioi^pHKinKitT] 

WZ  DioUBR,  W,  S.,  SotJoitor,  Ndwrautli-fin-Tviui 

114  l)ASlta>>.  J..  CtilltAH  ColtUir^'.  IVmtnlt 
l-tfi  Mux.  \>iMV,  Wwt  L'<tl(n>.  DarlinifUiii 

146  D'AxuRtUOltT,  T,  l.iigKS  ll«-lgi<ini 

147  Dakibu  W..  Ktiiun  Ploa^h  U'ockA,  Ltwdi  

14H  ItAuuNt).  Kkxkick,  Koutli  IhirlMin  ('•Jlla?,  D«tlliig:twn 

146  Dajilinotox,  Juuk,  2.  CV-Umui  8trwt  Bdldbigs.  Uowpto  Strert. 
Onial  Small  Alk- v,  Lundan 

ISO  DAiLUseioii,  J.,  Black  Park  CoUier;  Co.  Limitvi).  Rubon 

161  Dat«t,  Hbxut,  C.E..  I-HtU  

1)V2  Davia,  DavusOmI  Owticr,  Mac*.vfr:rii">i.  AlicnlATv 
16S  DAT,  ^V.  H.,  KT«nl«r  Garth,  So.  HUford 

IH  Dbs»,  ft.  It.,  8aHoitor,  Kflwc«>tle-«ii-Tyito  

US  DlOKtKM>5,  U  T.,  li,  CUmiMiit  Pbuw,  NowcMlIr-nii-Tjno 

1U  Dicjtucao',  R..  Ottl  Owuer,  Sboiler  Brkl^u.  C'v.  UnrlMm     

IW  Dixox,  (».  W.,  iinitton  Jliiii^  SnUhiirii-hv-tbc.Si'u 

1S8  Dixoy.  Sica™  DikIIuv  OrfUery.  DnJIoj.  Nortlminberlaiul 
lli9  Dii05,  K.,  Wirft  Itiipo  Mttuufiwiiiircr.  Toauu.  Ualtulifad 

160  DojiD,  B.,  BcBrpnrk  CoUtcry,  nisr  Iturlmai 

161  lloDM.  J..  M.P..  Siockton-an-Teei  

IGS  DouoLAii,  C.  P.,  Cmuatt  Hunnc,  I'oiiMitt,  Co.  Durimn 

ll>3  I>otroLA«,  T„  Pmws'  West  ColUorici.   [huUiistf>n  (ViCB-PKiuii>KXt) 

161  D«cruWAlTl.T..  McrUijr  VoltO-Uu-rv.  Mcrlliyr  Tvd\-il        

KB  Don,  U,,  Vi«wficild.  SUnwin.  CkrlUl« 


AMg.  CI,  lAU 
Jidy    S,IS7S 

April  11. 1874 
Fvb.  6, 1870 
Hopt.  8.1870 
Juiw  4.1870 
Sot.    di,  187ft 

April  1,186ft 
XtiT.  7.1874 
OcL  11,1878 


7. 1874 
6.186D 
7,1871 
8,1878 

4.1871 
8,1(^73 
1, 1877 
5. 1876 
3.1868 
7.187* 
e,186» 
Aiiff.  21,  16S2 
Jut>c  G,  1868 
Jnly    8,  le7S 


XOT. 

Mop. 
Oct. 
Jnly 
Knr. 

XOT. 

!Vpi. 
Jnoe 
Ukjr 

Mar. 
Mar. 


(xxir) 

16fl  DowDiswxLi^  H.,  BiittOTknnwIe  CulUcrj,  pSv  Darlington 
IBS  lirooji,  O,  I'oolr;  Ilnll  OolliOTV,  nwT  Twnwortt 


..  April  8.1873 
...  June  1, 18GS 
„  Mw.    Z.1872 


lOIf  lvil«TO«,J.,  N»t  lIouM,  Gatnlicad         I8&3 

i7a  Eiintios,  Kogenr  W.,  HUrnn  lloo^h  VVnrki,  Lwdi     . Um-.  4, 1876 

ITt  Eluot,  Sib  Oboboi,  Bart.,  Buufflrtoii   Hall.  Feiico  Rowm 

(I'mt  fHMtOKnr,  MrmhtT  t^f  CmiM-ttJ  An^.  21,  18S3 

172  BuDOX.  RoiMT.  76.  Mannr  Road.  Upper  New  Crom,  Lombn         ...  Nor.  1. 1876 

175  Enm,n«X.  T.  W..  Tlte  CV<Ur»,  MrUiUr,  It^U  Hnpt.  fl.  Ift&S 
]7i  KafiLrrjy.  T.  W.,  Jitn.,  ThpCV-dnri.  Mclhlcy,  Lpcdd  .  ..  SvpL  £.  18a& 
J7S  EsiiJi90X,  J.  B.,  L  .ikI  .tiiterry  Ufllc«».  Smlmm  Harbnnr                             JIftr.  2.  1978 

176  EiRitAKK  J.  a.  M.F:..  6.  MilUtniittLwicLmewUr     Mar.  6.1849 


177  FARMta,  A.,  Soutli  Dnrlmm  llttinK  Offico*.  Wr«t  Ilartlqxnl           -     Mar.  2,187S 

I7S  PAKfiAlt.  Jamu,  Old  Knnnilrj.  lUrimlj^                                                       JnljT  S.  167S 

179  PAnu.  Thomas  M„  K  SnviUe  Stnvt.  K»rth  Sliiolib           ...        ...  Ajiril  S.  ISTS 

IHO  PnrwirK,  DAltXAltAS.  Ti-am  L'ollier;.  liiiUulitwl                       Anfr.  S.  IMK 

181  KititwncK.  Gbobob,  Banker,  S*'wca«<l'P-<in-T,viie                                 ..  St-jit.  2. 1H71 

\»i  KEXvirE.  Tiinuifl,  }-:iktt  I'.nitup  Cillicry.  bjr  UnU  Ut«n                  .  Atiril  &.  1A78 

1R3  Fkikxii.  IIouixK!.'*,  ll«wnl<I  Hall,  near  Dnrliani                                    .,.  April  7.  1^77 

ttt|  FiniKii.  K..  inatt  LaneCoUterx,  Wigau.  IjuicashirA Sopt.  1,  IMS 

1H5  Fi*itKti.  It.  C,  S,  PietMi  Pla«>,SiniuM«             Jaly  S,  1873 

IM  PutTcnRn,  Or.>..  HamMedit  Collivrj.  nmr  Ihirhan               Ai^.  1. 1874 

lt)7  Futn-iiRK,  H^  L.id7aliara  Coll.,  LUtl«  \jner,  Bcjtan,  Laii«^1i!rv     ...  Aoff.  8,  IMS 
IM  Furcmn.  Jab.,  Manager  Corporative  Cnllicru^.    Wall*cnd,    n«ar 

Ni>wca<llr,  Kcw  »><itti  Wain           Bept.  II.  167S 

IBS  PurcttlK.  J..  k^Iton  Honw.  ntimfTiM                                                   .Jul;  &  1B73 

IW  PwroHBB.  W..  La^ndon'rw  HwiK.  IHtUbiry,  ManAwUfr       PA.  4, 1871 

191  F(WO(V.  Wh.,  North  Biddirk  ViiW.,  WaMhiiigtoii  Station.  Co.  Durban  Mar.  6.  187& 

192  PoaBMT.  J,  Amov.  Inal.  C.R.,  Witley  ColL,  UalcMKrvti,  BlnuliwlHai  Mar.  5.  IH70 
IBS  Foisnu.  U.  0.  M.A,  llackwortb  Hnnse.  M«r  Xewcaatle-njKiB-Tjnie 

(Pbcuddtt)  Nov.  »,  18SS 

19i  Fjmtsb,  J.  R..  Wat«r  Cooipanj'*  Olll«<>,  Newcast1e>-arn-Tvn«            ..  3vXj  2. 1S7S 

199  Powna,  J.  T.,  Wddride«  CkiUlorr,  Cbwtor-le-Slnat              .          ..  At«.  1, 1H8 

UM  F.tBBTVR.  IticiiABb.  51.  Qiajrtiile,  Newvwti»-on>T;^M                       .    Oct.  6. 1S71 

197  PouTSi.  IMfcmtb  l[«tton,  K»iwo  llomw        Bopt.  11,11)08 

IBS  fomi,  QsoaaB,  OtnModUioriw  (^Jlierr,  hmt  tiaeAi                             Har.  7,  1874 

190  FBAKra,  Pbakcib,  St.  Ildmi**  CuUivi?  On.  lA.  St.  \Mm\  Uneubira  8«i>L  1 .  1877 

ar)  KKA!f(-ii.  W„  licMunac  MiiMa.8altb11n1-l17-tktf.SM     ,.  April  ^  1B07 

»il  FuAKE*,  ilBOaoi;  VMorla<laiw6eU,Uiit>aTMa      PA.  A  1B75 

SUS  pBABtBH.  Pior.  a  W.,  Lckigti  UnJvcnil;-,  RothUlinn.  Pmiim.,  U.8  ..  Nor.  1. 1872 

lot  OauowAr.  R.  l._  Rytoa-on-Tyna                                             .           .  Dee.  6, 1878 

SH  aaiJ/rwAT.  T.  LntDAir,  MJt^  28^  Bnocli  Sqitan.  Obi^piw                ..  Sept  2, 1879 

906  fliaiUBi).  JoMX.  nrMl««|fc  VraalMd                                                  .  Mar.  &,  IB70 

909  aatnr.  P-CUktlukl  HumI.  D«H>;                                                      U\y  4,1801 


I  I.ECIItD. 

207  OiLUOL-B,  D.,  Purtluiid  CoUierv,  Kiliiiiinictck     .  t'u'b.  9,  1872 

208  OiLPlK,  Edwix,  76,. Binniufchain  Street,  Hnlifux,  Nnva  Scotia         ...  April  5,1)^73 

209  QiLBOY,  O.,  liicc  Hall  C'»Ilierjr,  Wi^ntii,  LmiQLsliiro      Aug.  7,  1856 

£10  OiLBOT,  S.  B.,  Milling  Riigiiieer,  Crevre  Sept.  5,1868 

211  QjBi»,  JoH5,  Southfiold  Villas,  Middlc^bro*      Jiiiic  7,  1873 

212  0.)DDABD,  F.  R.,  Accoiintnnt,  NowL-astlc-oii'Tvno         Xciv.    7.187'! 

213  Ooocil,  Q.  H.,  Liiitz  Cullicry,  Ituniopfli-ld.  OnUvihiiid Oct.     3, 1856 

214  OoHDOS,  James  N.,  c,'o  W.  NiolMon,  5,  Joffrc^'n  Square,  St.  Mary 

Aic,  London,  E.C Xov.  6,1875 

216  Okacs,  R.  X..  Uliadkn,  Ad.'ViikoIc,  Doiip::!!,  Iiulia  Feb.  1, 1868 

216  GwASr,  J.  H.,  District  Kiiginwr,  BL-crb!iiKm,  Bungul,  India    ...  ,.  Si'pt,  -1,  1809 

217  Greates,  J.  O.,  M.E.,  St.  JiihuX  Wikolifld Aug.  7,1862 

215  Gbeex,  J.  T„  Hilling  Engineer,  Tv  Cdyn,  Abercarn,  Newpirt.  Mon.  Dec.  3,  1870 

219  Gbbbs.  W.,Jiin.,  Tlrinielly  House,  I<i^itiUref!if'.I/cflii'*ro/Coi««<T7.;   Fi-li.  4  1853 

220  OuEEXEB,  JoiiK,  GciK^ral  Mniutgcr,  Vuli-  ('i>ll.,  I'ictmi,  Nova  Sci>tu) ...    Feb.  6,  1875 

221  Greeseb,  T.,  76,  ArliiiRfiird  Itiiail.  lirixtim,  London,  S.VV Ang.  3,1865 

222  Gheenwell,  Q.  C,  Tvnemoutli  (I'A^^T  Piie.^iiient,  J/cnt.  of  CouacilJ  Aug.  21,  1852 

223  GsEEiiWELL,  O.  C,  Juu.,  Pofutmi,  iiuar  Stiicl(]).)rt       Mar.  6,  1860 

224  OuElO,  D,,  Leed=i Aug.  2,1866 

225  Obey,  C.  O.,  55,  Parliament  Street,  London      May  4,1872 

226  Obiete^,  D.,  Branceiwth  Colliery,  Willingtiin,  County  Durliam        ...  Nov.  7. 1874 

227  Obippith,  N.  R.,  Wroihain        1866 

228  GiiiKSHAW,  E.  J.,  23,  Hanlsbaw  Street,  St.  Helen's,  Lnncashire       ...   Sept  5,  1868 

229  GaiilSHAW,  W.  J.,  SpringflcM  Honw,  Stand,  near  Mancbcstcr          ...  Nov.  1,  1873 

230  GciMOTTE,  LirciBir,  Directeur  dcji  Cliarbonuages  do  Marieinont  et  de 

Bucoup,  Mons,  Belifium        ..  .,  Sept.    2,1671 

231  Haosie,  D.  H.,  Wearmouth  Patent  [loiw  Wurk^,  SuuderLind  ...  Mar.    4,  1876 

232  Haqqie,  P.,  Gatcihead       185^1 

233*Haoub,  Eb:(E3t,  CoBtlc  Dyke,  Shcffleld  Mar.   2,  1872 

234  Haimej,  J.  RtcnARD,  Adderley  Green  Colliery,  near  Longtoa  ...  Nov.    7,  1874 

235  HAr..B.4,  C,  Nerquis  Cottage,  Nenjuis,  near  Mold,  Riutdbiro 1866 

236  Hall,  F.  W.,  1,  Kslington  Terrace,  Jesmnnd  Iliad,  Newcastloon-Tyno  Aug.    7,  1869 

237  Hall,  Qbobqb,  South  Goresficld  Colliery,  Linti  Green  Mar.    6, 1875 

238  Hail,  M.,  LoftbouM  Station  Collieries,  near  Wakefleld  Sept.   5,1868 

239  Hali,  M.  S.,  M.E.,  lieasingthomo  Colliery,  near  Bisbop  Auckland    ...  Feb.  14,  1674 

240  Hall,  W„  Spring  Hill  Mines,  Cumberland  County,  Nova  Scotia       ...  Sept.  13, 1878 

241  Hill,  Wk.,  Thomloy  Colliery,  County  Duriuini  Dec.     4,1875 

242  Hall,  Williau  F.,  Ha«vcll  Colliery,  Fence  Ilomwa May  13,1858 

243  Hamv,  Eduukd,  Aberanian,  Aberdaro Sept.    6,1868 

244  Habbottle,  W.  H.,  Orroll  Colliery,  near  Wigan  Dec.     4,1875 

246  HABDr,  Job.,  Preston  Colliery,  North  Shields Juno   2,  1877 

246  Haboskatbs,  Williau,  Rothwell  Haigh,  Leeds          Sept.  5,1868 

247  Hablr,  BiOhabd,  Brovmey  Colliery,  Durham April  7. 1S77 

248  Hasle,  William,  Pagebank  Colliery,  near  Durham Oct.  7,1876 

249  HABBlBOir,  R.,  Eastwood,  near  Nottingham       1861 

250  Hakuisun,  T.,  (Jroat  Western  Colliery,  Pontypridd,  Glaui  organ  shire  Ang.  2,  1873 

d 


S5I  HAmBtaQ5.  T.  K..  (.'.1!^  C'e>ntral  SUtiuii,  Xir«cK>Uo-aii<TjFne Uft/     0^  lt^&8 

Zfi2  IlAXRinnv,  W.  B..  Rrownhllli  CnllieriM.  ni,<ar  Wklnil  April  6,  1M7 

SSS  H&KWSLL,  ti.  U.,  Mnvn.  Tikn|[«e  Hmtlivn,  Rinniiiftluiiu  ..  Mu-.    X,  187S 

264  Hit,  J.,  Jiin-.  WtiUrii^tan  CcUicrry.  Ackliiiiftmi  ...  Sopt.    4»  1MB 

8&5  HscKELs  SlATraiiir,  Cwtlc  Bik>D  CiUiMj.  Co.  DiuImih        Ajiril  )1. 1874 

£&6  Ubosbls.  W.  J..  SMith  Medomalc;  C<41ierj.  llitrtoiv,  hj  UnU  Orwoii   M^    2. 1S68 

297  IIlRLlT,  Edw„  2,  CIihkIi  Stiwt,  I>niUoii  Itmul.  ]>eTb7  Jteo.     2,  IMiS 

8&8  UiDLiT,  .1.  J.,  CnnMtL  Ctllifriu,  Lc«d^tc  Conntj-  Diirhun  ...  April  6, 1^2 . 

JM  HlDt.Ky.  J.  L..  n.»kiT'.  Ilr.«k,  CliMtOT  Feb.     8.  IS70 

leO  HXDLRT,  T.  F.,  Vkiucr.  S<im!>Tluid        ...         ...  Mm.    4.1871 

M  HlDUtr,  W.   11.,  ConMit  L'ollieriv*,  Udlonuley,  Newcutlc-on-Tfne 

f3lemitr  of  CctineilJ  1864 

M2  H«in>«iifO)r,  H.,  r<'lt«ii  Collltry,  Cb«it«He-Stiwt  ...  Fth,  14.  1974 

268  HRPrKU^T..I.mfU'ld[Imi*c.Birtl«7,  »>n(vH^M^^i/^M.d/CaM<^7^  Ang.    6.11*62 
IM  HiEFFKiX,  W.,  Umiicvpetli  C>Uivry,  WilUugloTi,  Cuuntj  Ditrltuu 
sot  HxuiXiS,  J.,  r«rk  Cnucciit.  Dnil^ml,  QlainorsniuUre 
980  HmLOI*,  C,  Linsdoli.'  31lii«f,  eit  UnbboronKh  ... 

297  HiMix>p,  QuAtitotK,  Wlitwdl  tVillicr;,  SubdorUnd 

268  Hmlop.  J.,  HticknoU  Torkud  CxUfery,  n«r  KotUngham 
S60  UBmtsiXiiToy,  D.,  Cniliidgi!  OrJlirry,  NcwcMtle-Mt-T/wa     ,. 
STO^HimtT,  0.  C,  Coal  nt  llMthCVJUerr.  nm  Bristol  

271    Htwinr,  A.,  Ilui^h  Collici;,  Wigun,  Liu»rA»li[» 

273  IlK-K.  U.  W..  14.  I»i?nlicin  Tnrww,  I^mla 

273  [lioAOK,  Jacob,  M,  CrrtM81rMt,Uttnchcffl«r 

27i  HtLU  I<B«UB  C-,  lUrlhnlomrw  Huua*,  IiondnR.  K.C  ... 

27S  llitT<ix,  J..  HtBudUb  utiil  Shevtiiifltm  C^ItiiiriM.  near  U'igmn 

27d  HiLTOB,  T.  W..  Wtgnn  Conl  bikI  Iroii  Co..  Limited.  Wlgu 

877  HiyDUABatt.  TnovAs,  Cuvpen  liodgtv  BIjth.  NortliuinlwrUiid 

278  Hovoaox,  J.  W.,  Dipuin  Cvllinjr,  via  linu  Oran  Stotioa    .. 

S79  BotXioAT.  HAurni,  M.E..  Pmmm*  W»t  C.iUi^ries  Crook 

280  Bourn,  C^  Omogv  Bill,  uMr  Bbht>p  AnekUnd 

2BI  floHSB,  CiUKUU  J,  Uinluft  Eii^ni.-er,  S(o)u>aii.lWit 

2lt2  IIoDj>,  A..  6,  Uala  CreMOtit.  CBnIiff        

288  Bora.  OlOftOR.  NewbiKllA  CoUieiy,  Pi»k«  Hmun 

S94  Uotmj,  II.,  ^^'lIUn-<Ttll  Tumoc  Wa  8)mn]ntioor,  Co.  Dnriuun    ... 

286  lIowLir,  W^  WLitcliiU  i'oitit,  Pkv«i7  BUin         . 

2M  Hmkold,  U.  p..  C.  and   M.K.,  y.K.a.S.,  P.O.S..  H.  Soe.  Jl.  Ae.. 
WmU  Ae  Orirnte.  HBNcloniw  HpBtn 

Wl  llowxuD.  W.  K..  13.  C«v«kdbh  8tnvt.  ChatarArid 

BBS  Himsov,  JAan,  Albion  UIubc  Retm,  Norn  Sentk 

2119  HroKB*,  H.  B.,  TU  UoIUm,  SpJifioj.  amr  DodWj,  SufTonlihtrv 

■K)  UvMBLB.  JoiiK,  W«il  Pettun,  Cli«K«r-k>tu«et 

181  Htmsu,  Jm..  KU*iqUi7  Wtwka,  MM- Chwtsrflold        

188  UnnnB,  J..  SilksUnw  bwI  Wcnhnr'  ftrk  C«iaeriBi,  uw  [tarn«l«7  ,. 

288  Homo,  W.,  Uonk  Btvttun  C<dlin7,  riLiir  B»nttimj 

284  Uran^  Wic  IUdl«7  Hall.  lUrdnn  U  111.  .VorlhiimWUnd 

188  BntTBB,  W.  H.  Mu»r  LuIrw,  NinvcMilo.iip(rai.Tyn« 
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Ibr. 

<IH71 

Jam 

2,1868 

Mar. 
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Oct 

8,1861 

A«,. 

21, 1B52 

Fvk 

1.1988 

W9  UCKTIVU,  CRAUUW,  F«tM  UlMlW*  

n?  UuKsr.  T.  0.,  F.aji.,  Luder  Onut^  OorfarUI^-on-Tyuo 

29tt  Jackws,  C  Q.,  C'bamlwT  CoMwry  Co.,  Limilod,  llolliDwioncl  ,. 

3S0  JACKM<t.  H'.,  Otaiiock  ChMe  CoDiertM,  WaLaJI  

900  JlCKKix,  W.  O..  LoMve  nmiiKr,  Numuiil'in.  Vorluhirv 
301  JuiRATr.  J_  UnRHuftidu  L\il1i<.T7  Offici-.  UuTlnia 

90S  J>fniocE,T.  W.,lti.  IbokStm't.slivflhiM      

808  JliTKise,  W..H.K.,Ocmii8.C.Coa<L.  Ytitnd.ur.  Foiitfprtdd.Ba.Wilu 

9M  JlVKty^  n'M..  CoiiMtt  Iron  Worki.  Cviiwtl,  Ourhnui 

80K  JoKVAXKOK.  J..  LMdenInU  StTwt,  London,  E.O. 

S06  JoHmox,  Hbkht,  Lhidle^,  Worc«(t«nbin 

807  JoiursOTT,  JoHX.  M.  IiMt.  <:.¥.^  K.4i.S.,  8r,  Victoria  Si|iiaK,  NciTRMtlv 

9i}^  Jtttt}tM)3i,  J.,  WUlv^-  C'llliOTjr  Cr>.  1^.,  1UliM>wv"i,  iir,  lIlnniiigliKui 

a09  JoilXSOX,  li.  8^  Khcrbiini  Ilnll.  nnrtMRt 

810  JoicBV,  J.  G..  Forth  Ibiik^  VV«t  Factory.  NewcMtla-on-T^ne 

811  JoifET,  W.  J.,  TwififUl  !«i  follipry.  Btu-ii.i1.0uIiI         

SIS  JoRliHif,  ItJBlKT.  KU)w  Viik-.  South  Wale*    ,  

S13  Jwtra.  U.  DAT10.  T>'  Unw,  P->nl,viiri<1<1.  Kcmth  Wb1c« 

314  JwiFfl.  T..  Tjr  Draw,  imw  IVuiyi>riilil.  l^utLi  U'aks 

816  KiVDALL,  Jonv  D^  Itoper  Stnct,  >\1iit«hav«ii 

Sin  K*x:ixt>r,  Mvlkh,  H.R,  Hill  Fuut.  Llrt-ntuna  

817  KiMfTOX,  J.  II,  40,  St.  Mary'H  Gate.  D«rt>y     ... 

818  EiUKDi,  J.  W..  A*liin^<ivu,  WiiidiBatoi,  tTfo 

819  KiRKWO^D,  WiLLUM.  LiiflOuU  Colliery,  Ifainiltuti    ... 

8S0  Eiluorr,  Jonx.  IV-uiit  Collivry,  UatmliMtl        

831  KifOwu.%A.,  Ili^b  ti&uk.  )>«iutWbaT7.  Uaiiob«Hl«r    ... 

823  KvowLM,  Jaiti*.  Wtntwwxl.  I'vtidlrburj.  Uttnclwnlvr  

323  Knowlim,Tiioua*.  ln«o  Uall,  Wigan    .. 

3£i  Ktbkb,  B.  H.  v.,  Wtxtuliutoi-  Cliaiulcn,  Wrvxhan 

S26  LiiuUH,  W.  J 

886  Laud.  R.,  Clcator  Moor  Colliery,  near  Whiuharen      

337  Lamb,  R.  O..Tho  l<»wii.  Kjrt4>ii-OD-T,viio  

888  Lmid,  KiciiAiin  W..  Coti  Otmci,  Xen'caaitlc.on-Tvne  ,  

3S9  LiHBBur,  M.  U'.,  9,  Qu<n>n  Stiwt,  N'ewwmlluKin-Tjniu 

330  l>«5CAdTtB,  John,  Itiltiin  (lniit);>',  litit^lry        ,.  

331  La>c;lsteii,  J.,  Jun.,  Antlvlil  llnuw,  Willi.-*  ttond,  i.mminKton 

332  LAKC.iAiBli,8..NaiiL,vg1i>^  Ubiiui  .SlcAji  dalCollierloa.  ttUiiia,  Mmi. 

338  LAXUAtE.  A.,  LtwUgtUy  Iryii  Works  l'ifi«lum,  N.B. 

33*»LAPoaTa,  IIxxrt.  M.K..Ml».  Hue  K.>.viao.  Brnssda     

335  Laveuck.  Robt..  W«iit  Kuiuliiti,  Fuiiti-  Hmine* 

S8G  Lawuxkcii,  IlENBr,  tirftiigi>  Iroii  Work*.  Uarluiin      

837  Laws,  H,  Gtmiiigcr  .Sln-ui  Wv»i,  Ni-w  caBtlu-vn-Tjne 

884  IiAWa,  JoHX,  BljUt,  Xiirlbuaibcrlanil 
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tilt 

839  LtWitOK.  Rt'^.  V...  L'.i>)fluril  Hnl).  M«ri>L-t)i                    Dec- 

S.1H70             H 

340  LiBODit,  0.  A.,  M^..  F.O^..  C»lli!g«  nf  Phpiml  SeWnu,  HowflHtb 

H 

(UfnAer  of  Ctmneit)  YA. 

1873            H 

I'd  Lk>,  OlOBSK,  Kcrlh  OnDMb;.  MiddlHbro*                            .-          .    Jnne 

«,1670           ■ 

312  Lksiir,  AKt'imir,  llvbbuni,  UmU«bi<«4l-<in-T7ii«                                     8)-|>t. 

7,  IH^             H 

3U  LsrsH.  Elljs.  Bondou,  OMahlre 

1861           H 

M4  Lbwm.  IIxsit,  Annedej  tlioUirry,  iww  Nu(tut{i;b;iui                             .    Ad|^. 

2.1886           H 

■   816  Lkwid.  W*.  n..  8,  Bute  Crmnmt.  Cudiff          ,    Aug. 

H 

8-lt>  Lrwis,  WitUAU  TllOMAii.  Mnntr,  Ahcrdace 

IBM      ^^H 

S47  LapPKLU  (1.  H.,  9iitBLTwt  HiiQM-,  ^VfaitgliaTDO                                       .    ivrfit. 

4.1808    ^^H 

MS  LtDDKtt,  U.,  Pnidhoe  UbII.  Pnidluw-oa-iyne             .                          Oct. 

l«M    ^^H 

M0  Ldomp,  JjiMU,  nioiiricb,  WbImU,  Stkffvnkhiro                                    .   Auff. 

1.1881    ^^H 

S60  Lnrf^uir.  It.  Cnunlii\g1nn  CollUiry.  Nortbnitiberiairi  ...          ..          .    Jolv 

S.IB7S    ^^^k 

S&l    Llst.i.rT,  S.  W.,  WhUhiirn  t,Villl«ry,  S'lndwUbd            ...          ,.,            ,     S«pL 

4.1980    ^^H 

SKS  Lt6iiiiA>,  T.,  Juii..  Hutton  CuUierj.  Fudm  HaoMv     ,*>        >(•        .*.  Not. 

H870    ^^ 

US  LirHMAX,  Wu.,  \Vittini-li>-Wi.mr,..           ^ 

18»T    ^^1 

^^B          Mi  LuitMAif,  Wu^  Baiik«T  Hill,  tewa  Uonam       fUmler  ^  CotkwiX)  ]|«r. 

7.1861    ^^H 

^^^P           866  Liv«ur.  C^  BnKirnnd  CuUii^',  ni-ar  MnndiMUtr                                       Aug. 

8.1886    ^^H 

^^H             K6  Lttmkt.  T..  Kradf'tfdCullirr;.  ftlaiii-lHMirr                    .                             Not. 

7.18174   ^^1 

^^^h           8S7  Llb«*LT!',L..i-.oVi'.  i'.  Ja]n<a,Ab(Ti>vrhiiu  Inm  Wurltf^itr.Pantj'inul  Vivj 

4,1878   ^^H 

^^H          tt8  LOOAX,  WiLUAH,  LiMiglfiv  Plirlc  ColUeT7.  DorUin ^A. 

7.1Sd7    ^^H 

^^^H           8S0  LOHOBOtUAM,  J..  Niirlojr  OJIieriun.  iNimr  WigkR          ...         ...           ..  U*f 

8,  lM«t    ^^H 

^^^B          MU  LosofttDOK.  J.A..l6,UrMl;(i<>nT^Mtn!et,  VVeilnilMter.T>aBdai,8.W.  Ang. 

8I.185S  ^^H 

^^H           Ml   Low,  W.,  Vron  Collbr}',  ^Vn-i!>»iii.  Uci>U|:hihin)                        .               Sr|it. 

6^1866  ^^H 

^^H          Mft  Ldptok,  A.,  P.O.8.,  Crwgktc*.  near  Lcrda       ...                                    Kor. 

6.188B  ^^H 

^^^P           S68  HA<n;i»TB.  J..  A*]l|tTi>v«  VUU,  IhrotlMiliu.  IVUltgr  R«ul,  nin«Knw        Mbt. 

0,1870          ^1 

^^^1          Mi  Hai>m»09,  IIrkbt,  Tba  Undans,  DarHi«t«Mi Nor. 

e,187t  ^^1 

^^^1          8G6  UAura,  C.  T.,  Kurd  VtAUr-j.  XeweMU«-on-1^       Oct. 

Msra^^H 

^^^B           MS  MmMATT,  J.  K..  ('.K.,  KL  Antlrvw'tCltawbvn,  L«c<k            

18M  ^^H 

^^^1          8G7  MABtRT,  Jons.  7.  Uondpitr,  D*r)i»gtAn            (^tmhet  ^  CwtMiX)  Ang. 

81.16a  ^^H 

^^H            Sm  Muujn.  J.  W..  7.  Ih>Hl)t«l«,  UBrlioirtnii                                                     Ang. 

i.iMi  ^^H 

^^^B           Mb  llAHnJtLt,  F.  (X,  Uttan.  Unwlliont  A  Co..  KcwomUo                             Auff. 

s.imii  ^^H 

^^H          87D  M*HTX)x,  W.  B..  UMwmd  V«l«  Oil  Work-.  MuM                                Oct 

8,1888  ^^H 

^^H          871  llAinBx,  K.  B..  O.K.,  PMbDon.  OMr  sii.tif))rl<lg«        .».       ...              JiU.t 

8.1l!>78  ^^H 

^^H          872  ILuTitt,  It  K.,  Haunt  !hrT«l.  LongliN^r^igh    ..         Ai<ril 

11,1874  ^^H 

^^H          879  MATTniWB,  It.  F.,  Hud^dckc  SMl«iiltfld                   ...                         lUr. 

B.1867          S 

^^^1           874  lUvoilX.  J.  A^  NvrtiMUk  Cud  uul  Inn)  Co.  LliniUd.  OMnwMt*. 

H 

^^H                      Omtnl  PrarlneM.  IbAi      Kor, 

7. 1888    ^^1 

^^H          m  MiraniS,  J.  D..  lUbhont  CtXSmy,  xmx  Newcwile^n.TyiM                Nov. 

4.187a  ^^1 

^^^1          Ml  Mat.  Usobgk.  HatIoii  CtolBcrT  OStCM.  Tpm  l>(>ek>.  Htmtli  S^kieMs 

^^H 

^^H                                                                                                         (M»mi>tr  t^  Commeii)  Hw. 

flvlMi  ^^H 

^^H           877  ll<:<:nMAtii,  J.,K.  lUtli  9<rvrl,  abwRow          M«r. 

8,1870  ^^^k 

^^^^           B7{(  Mr<;FM^)CK.  l>Aril>.  Bm^Ii  llniTr.  KU»iamr«lt,N.B.             ...                JVc. 

4.1878    ^^B 

^^H          87»  H<^'(i4.ucH.  II.  J.ilnrtonlIaw.zn.(^ind»ltoaa.Uidaa.N..     OeC. 

1.1868  ^^H 

^^H         MO  llL<^^L-UM-n.W.,l7».(>Tmh>Bauo»^OtdUf<MISu«rt.I4><ldoil.K.C.  Kw. 

1874  ^^H 

^^H          881  UcOnii,  T..  CwuMk.  fiuff«nUUf«                                                       Or* 

1.1807  ^^H 

(Mix) 

IcuTutt,  J»  K>ul«U<Gk  Cdlllcrj'.  Bwh 

r,  TaoviS,  C.F...  6.  York  PImn^  KdiktKirgh 
9M  MuBirjii.B,  J.  II.,  8,  Victoria  Villu,  N««c4UMtli> 
18&  BIIUBR,  KoBBBT,  StmB»nl  ('"Uiorioft,  nou-  IIani*Ii>Y 

IM  UUXB.  M.  H..  DucVmuiion  Lodge,  ChMtn(i«ld  

387  Mrrc-iiBt-L,  Cius.,  Jntnutiid,  NemAstle-oii-Tirtio  

lU  MiTcuBLU  SuBtrn,  Wonbro'  Vhiv.  nvur  Karniik->' 

188  U trcH iXMX.  U..  Jnn..  Pont'ip  Cult.,  Liiilx  tiratn  SUtiau.Oth  Durluuu 

ttO  Mori-Ai.  T„  Jlualr™!  Iron  On;  Worla,  WliitahBVvii  

tSl  ttrovKiiocse,  iOA..  Ycal  Uoum.  frUingtou.  Wliil«b»T«n 

SH  UOOJI,  T..  CamWii  CollVr;,  Bljlh  

3M  UooK,  Wm.,  Jun.,  Uultiiti  Culliery,  Fcaec  llantat       ...         

>M  Kixilii.  R.  W..  CcUiory  Offire,  Wliiu-luiveB       .  . 

aw  UoitiMiit.  0.  I'.,  SI.  c-iIUiigwoud  mntt,  Mflweutla    .  . 

3M  Monuu,  Jou5.  Dartlnfftoii       ...        , 

a07  MoRHis  W-.  ^ValdiiiltiG  CalLicr/.  C%c4tcr-1<>-Streoti  FisneonovM* 

8S8*MoRTa)c.  H.  J..  1,  l^iyiil  Cmcviit.  Krarbiirou^li  

8H0  MonTOy,  II.  T.,  liMuiUlon.  l>Viu>i>  Haom*  „.       * 

■too  Ho  xs,  Wu..  LuuiVy  CillVrj^,  Ccnc*  Uowm 

Wl  MrrCLt,  Joan,  Unuk  Itrrtuxt,  Itaroal^  

403  Mru-isTii,  V/„  Juii.,  M.K.,  CViTt  Uouan,  A«[«fris,  n«r  CaHiiita 

40B  MnrjiXT.  W.  T.,  I'^uti^lfntt,  iJiuwddarf-an-tbo- Itblnc 

Wl  MVXVLK,  AliTUin,  ".  (' Hiiis^Tood  Hrrm-t.  X«w«utlviin-Tjnm 

406  MrsitLl,  W.,  Ikdir^Mlale  Mino,  lkU)i«ki«ia  


Snv.    7.  I8fl3 

JuDic  4.  ih;o 

M«y  M977 
Mar.  S.  I86S 
Frb.    4,1871 

A]«iin.l874 
Full.  14. 187* 
Feb.  4.  last 
8c|4,  4.1860 
June  4.  1868 
Oel.  3, 180^ 
Jtily  S,  1»72 
Nov.  6.  1870 
1861 
0«L  7.  I87C 
IS&fl 
IBRl 
Anif.  SI.  IR&S 
Mat.  2,1873 
Mv.  7. 1861 
Dec.  8,  1870 
Dae.  a,  1^7 
Jnnt  S.  1H75 
Avg.    8,1873 


We^XAMK,  RriioLrii.  Kouigl  Btiipnrb  Diraotor,  LouiicBUuil,  Saar- 

brucluiB.  PruRM        ..           ..          1809 

407  NAVfOR.  J.  T.,  10.  «*e»t  Cliiylon  Sciwl.  Ncwcii«tIi.-on-T.vtio                 ■  ttte.  6.  1866 

408  Xkuu>,  J.,  C  E.,  Mariiitf  ami  Stftti<jT<ar\  Kti|fiii«  VVvrks  Cialofliad     0«t.  4.  L8G6 
408  Xivtx,  JOHX,  Mirfield,  Vnrkshirc            3Iiij  2, 186B 

410  KltWAlx,  R.  8,,  Fwi^dt-no.  GnU-iU-ud      .-.           fltnmh^  of  Comucil)  May  2, 1868 

411  NtCH0i*05,  K.,3ini..  Itcamlih  L'.rllWr.  ChMl«r-l«'-Stn«t                      .   Aug.  7,  lft09 
-ilS  XicuoiAvs.  J.  W..  61.  "rrivp  St..  Khwick  Rn«d,  NeHfeMlk-on-Tyiie  Oct.  11,  IH7» 

418  NirnoLAOH,  MAKSnAU,  Midallctuii  llftll,  Lc^ib            ..    Nor.  7,  1^63 

411  Xonut,  Captaix,  Ji-mDiuHl,  N«wca«tlv-np(iu-Tviio       F«b,  8,  IMiS 

415  XoKiii,  P.  W..  F.G.S..  R.)wl«y  H«I1  U-illierj.  Wudlfly,  SUffordAlw  ,.  Oct.  6,  1H6i 

416  XtTTALi.TiiOHJLS.  RradSlract,  Bury,  UiicMliIni Hupt.  11, 1^76 

417  OOURX,  J08X  M.,  friUcitor,  SoiiderlMid Mar.  6.  IH.57 

418  OeitTlK,  A.  (IBABVS.  4.  llrrat  Hwr^c  Sr.rMt,  WntTninttor,  London  Har.  8,  1877 

419  OUVKB,  ROSKBT,  Cbnrkir  CoUWy,  nnu' UiirhDin        Kuv.  6,  L67& 


4S0  pACEr.  T.,  Biihop  Anckkud 

411  pALUiiie.  A,  .S.,  Wiiiilifj  lUll.  nonr  Nt'Wi-iwLlo-ftii'Tjriio 

4tt  PAlMEJi.  C.  M..  JI.V..  Qiiuy,  Nowenirtt«.gi>on-Tyn»      ... 

4IS  Paublt,  C..,  ItwlnbH-k  Onol  Work^  ittwr  Butli 

4M  Pahiok,  p.  S..  SQksirurtli  Cvlliury,  SHiiJ«rtai)d 


AprillO,  \fm 
July  2,  IKTa 
N«v.  6.  IR5S 
Kept,  &.  1868 
Oct     6.I8G7 


kiAVrae, 

485  PjuiKt5.  C.  W«t  RoMNkk*  ImiKtoiie  Co..  M.,  Pl^^rlng.  Vurfc*l>i»       Juiw  S,  187V 

*Si  lUntlx,  JORX.  K<Mdal<>  AbU'v,  YArWLin;                                                  Apvil  11.  1874 

437  PJiUXl5UTO.'<,  M.  W„  WmriDoutli  C'lirwry.  Sgiidi-rlMtd                          .    Doc.  1,1864 

4£8  1*ART.>X,  T..  V.V.Ji..  &>li  Cilli^.  Binnin^Atu  U.wd.  Wa4  Bmnwicli  OeL  8,  186B 

419  FlT^BO^,  Jonx,  Engineer,  Nn]il>c->                    .                                  .  Nur.  7.1874 

ISO  I'»*rK.  M.  W.,  Wig»n,  iMnoa-Idrw          ,,.           ,    July  «,  187S 

431  rxAccK-R.  Datio.  W»t  Bnimwicli         ...        .^        Aug.  7,  IMM' 

4as  ricAiiL  r.  r.  U.,  li..*\ivjt  Imu  Work*,  BnAtrtii                                          Oct.  1,  1W7 

4aa  PztKE,  J.  W.,  M.R.  Ifiittin  D«U.  On'ubro',  YrTkithin-                           M«r.  6, 1M7 

484  Pekl,  Jotix.  WLaniclifTc  nnd  SillutoiM  ColU  Wartltij,  mwr  NttrSU'kl  Nor.  1,  ISOD 

436  Peku  John,  Butsliqr  Cullivo*,  ^VjUm-'ni-Tjnw                                 ...  M«r.  9, 1877 

436  PRILM,  WiujAu,  RoMaioanl,  ItMtb.  Cnraiff                                      .    Oct.  1. 1808 

487  PxsMAK.  J.  II..  3.  ClnrancaBuiUintp.  B-l(h^itn■i•t.  MiindNsLo'          Mu-.  7.  Ili>74 

43S  PtrKrP.  I*.  W„  Uunkutitwlgh  CatUtrrU-*,  Ai-criii|rt<^i<.  ldii«uUra            Vvh.  G.  1^7( 

439  riNCiiiNti.  AiiL-Nu.  K.,  The  Tlttdcc.  GrawM'tid                                  .    K»y  6. 1977 

440  roiTKR,  AUDikO-w.  C.I).,  Ilcatuii  fUU.  N4.-i>i-a»l]<-ou-T>(w                        M«r.  8,11*00 

441  PorrBK.A.M.,ShircinMirCulL.XonhHinWTUi>'1^4/mJvr<>^eniMx/^  KcU  3. 1«7I 

442  B:>iTtH,C.  J..  HwUin  Hull.  X«wc>»1le..^-TyiiD  .  (lei-  S.  1>17I 
443*Po(TBR,  W.  A..  CnmlinKtoci  II'iumi.  X<>frliiiiiiU.-tUiMl  1K33 
4U  PnifR,  JOHX,  McMK.  r>liucT  Unitlien  4  (\).,  J*mjw-un-Tyiie  Mat.  R,  1877 
446  Pmcib  J.  K^  Bbuidblt,  iNwr  Wl^n        An?.  7.  IHOB 

446  I'ltMTUAX.  Jow..  CMtl  Owner.  NcwcMtle-on.Tmo                                S«pl.  3,  1871 

447  Pbikoli.  Kdward,  Chu|ipliigtaB  Coltlerr.  NortliuHtberUiiil                  Aiur-  4, 1877 


448  RAMeAT,  J.  A..  W««t)>r<x<k,  Uarilii^tMi Hw.    0.1908 

44!)  KtHfjtr.  J.  T..  W«]bi.tt]«  Hall,  mm  IIU54nn.aR.TyM  Aiig.    9, 1868 

4&0  Rauuv.  Wh..  TuniUltf  CallWry.  CoaMy  Durluin  8«i>t.  U.  1875 

491  Rbkd.  ItoxBiir,  F<.-lli»i;  ('<JIK<r.v,  (HUoImwI  Ute.    8,  1808 

454  Uncs.  Ua;(iil,  OUtid«n.%  AbL-nhr*  IflCS 

488  KitrKKv,  Ww..  ToptiU,  Babvnik  TM.     6. 187S 

464  RKti>.  AsoKSw,  XcwcuUe-oR-Tync  April  S.  JDTO 

4S«  KtrMAKix,  K.  V>\  MaMrs.  IMek<'w,  Vatigluin,  A  U^,  HUdlvobru*  Auff     6,  1870 

466  Bli-BAttM,  O.  C.  M.i:„  WndbMnr,  hmt  KlieilMd  Jviw    6.  1878 

467  Itli^HABOMx,  H.,  BKkwfirlli  C<iIlH>rj,  Ncirnutle-An>T]ni«  Mar.     t,  1808 

468  KiCHAiLiii05,  J.  W„  Ttnii  8hi|>b<ii]d<>r,  XEwoMiLc-oD-Tyiui  StifA.  8,1870 
46B  RlUUlT.  O,.  TriiiKjr  ClwmWn,  NenciutliNan-TjiHi  Pvh,     4, 1806 

480  Hii-Ltr,  J.  n..  It.  it  V,'.  lUwlliiTS'ik  KowcuUe^i-Tnie  April  &  IVTS 

481  KihTABn,  J.,  ltHil|^w>r«)r(>fficn.WBlkd«n.nr.llolt']n-l»-Uoar<,L«n.  Nov.  7. 1«74 
488  HiQBT,  ioMX.  Anh  VilU.  AUaip'r.  8lol0-itpoii  T^vnl  F«b.  8, 187ft 
409  Ritaox.  U.  A  ,  8,  QncM  8liw(,  N««ciMtlit-un-T«iui  Ovt.  7,  ifJl 
404  Uitaon.  W.  A..niilbi)tlbO)[U«r7.  nwr  Alitwicic  A|wU  S,  1870 
406  RoRRSraos.  W.,  M.K,  128.  St.  ViiiMiit  Mtwd.  UlMpw  Mar.  ^  1870 
466  Rannow,  O.  C  Urarotao  ud  Maj'n  OtIU..  Rti|e«-W<  iJUffonlthirv  .  Nor.  6. 18T0 
497  ttamntow.  It.  CMC  7.  WMtaAMtar  Cbtmbm*.  LuimIuu  SopL  8, 1870 
408  Rosi-tauN.  JoiiK.  I)il>biini  CcWmt.  am  NeweMU«-«w-TyM  N"r.  4. 18Tt 
4fle  KoM »■<■».  U..  IlimnUi  Hall,  mmr  BUk^  Andlwd  F.b.  1, 1808 
470  B.<BM>y,  K..  SlkUlmbn>'-«iiTiMi _  Afiil  S.  1870 


fxxxi) 

i71  KoBHOM,  J.  S.,  Butt>.Tkn'(wl«  C'lilllf^rf ,  n*  Darlin^ii    . 

472  HdMOS.  J.  T.,  (Uiinlniilang,  (H**5nn-  .  ,, 

473  lli.'Bfox,  TiiuuA4,  Liinile;  Colllcnr,  Foncv  llonww 

474  llnoRBso!).  Ji-ilin.  Cmulnlj)  lUll.  I>ur)i«ta 

473  Ku£CAiiP,  J.,  K^wdklc  L"dtf^,n«r  PlekcTttiff,  Vorktlilro 

475  ROABBT,  Joaif,  Hkvcrboltuv  ILiaio,  Ilrigg,  UniwUuiliirv 

477  Ross,  A.      

478  Roao,  J.  A.  Q..  CmiiMilliiifr  EiiKioci-r,  13.  Bi4|rmTa  Tcrnuw,  NoweuU* 

479  RiM«Kit.  W.,  Miiwml  Siirvvyor,  I.laiidl.T,  Ciimiartlwnvbira 

480  RoTHWELi,  B,  P..  27.  Pl.rk  IHiw*.  New  Tork.  VS. 
ttl  RoLtuiutiK.  Jus.,  Rvhopo  CVllicr?,  SuBdffrluid 

«S  ItorruiiMB,  J.  U,  Hv)ui[w  Ciillwrj,  Sunderbtid  

48&  RtiCrLti>OK,  Wm.,  8>(lnc;r,  dtpe  Brvtmi 

4S4  liowLBT,  J.  C^  Shnti-itit  ('oIIw-tx,  Oln^v  New  ZekUntl 

485  ItriiiKBFOKP,  J..  lluiSrux,  Nati  Scolw 

488  Rrraiaroitti,  W.,  Wu^ii  Siiwld  Ran-  OolliorT-.W^  Oierter-k'Stnwt.-. 

407  linrca,  Tu<»..  Bbt.vd<Jii  Slain  CxllUrrjr.  Bkydon-an-iyiut     

488  RtdM.  W.  J.  IL.  Pcnrtb  Street  Brut  Wurlu,  Neir6utle-oti.1>Bc 


18« 
Sept.  4.lft4» 
Ocl.  *.  l«W 
Mar.  fl,  I^GO 
yrfi.  X,  IWJ7 
Nov.  2,  IBM 
Oat  1. 1»7 
Julj    2.  1^73 

U«r.  &,  1870 
Bvpt  lU  1976 
OeL  7.1^0 
Aag.  6.  ir:E7 
Dee.  i,  1875 
1866 
Oct  »,  1S7« 
Unj  l.lil76 
Nov.   4,  1S70 


489  RaitT.  atOBOR.  VMiilimll  CVilliorw*.  Ronbuii,  North  Walua 

490  ScAKTlt,  W.  T..  Rabv  CiMtte,  DiirliitKtun  

491  Scorr,  A'vdrew.  Hpwmliill  Oolltcry.  Ackliiigtim  

4&»  6cOTT,  C.  V„  GntMheiuI  KoU  Collicir.  0»u»1»ndH>u.TxD»     

488  ScOL'LAK,  O.,  Pkrkiiilif,  Frixtii^LMii,  CambiTUiHt  

494  8lDD0?(,  3.  ?.,  QkaK  HarM'tH)d  ColUoriitCt  ncnr  Aeerin^ton    

485  SiULL's,  F.  W.,  M.  uihI  J.  IVitclMjd,  9.  GhMvcharch  i^treet.  iMidon 

486  Saiw.  W.,  Jun.,  WolMn^hBin.  n'd  UorliDglAii 

487  SaiBC,  Jon>,  Kratno i41tcnU.'  C'ullii^ry,  ('"iiiitjr  Dnrlu'n 

468  Snoxi.  IitA*<'.  I'dilrcWiii  Hooko.  Wn>vli*in 

409  tiaoiTaspB,  T.,  I'urk  llmiw,  WiTXanlojr,  VVig«B 
VO  SncTi,  C  A..  Wottoe.  SitnUi  «liwW. 

SOI  SlMPSOW,  J.,  Howt-rllk  CollinTv,  near  UntwIituid-on-Tjna         

COS  GlurtOS,  Ji>s..  8i>riiiKliill  Alines  (.'iinibcrlnnd  Co.,  Nora  ScaIjb 

MO  Smrioif.J.  B.,Hi:Tlai'tMJHuiiiKS  UlMJori-i'n-Tvtio(Vrci!-PHE8  hb-vt) 

Ml  Siicrsox,  J.  C 

606  iiliiraox,  R,  Uoor  UuuM,  Rj^lon-on-Tjre 

t06  HiMMofc,  B'lnr.,  nnimmnnd  (.ViHlcr.i.  y\  e^trille,  I'ict  ni,  N.S. 

607  1>U5X.  T,  2,  O'oft-iiiRt"!!  Stivet,  Watinnrlaiiil  Road,  Newciutic 

808  8«»rT,  »..  DhUkIiI  H.md.  IWl^r  ,.  

808  SvtTR,  O.  P.,  aiuvehuNU  TunbridRC  VTcOi 

BIO  SuiTit,  J..  Hickenilmw<'irllicrv,  Ijtigh,  nmr  MmiohenCvr  

8U*8li[TR,  R.  CUPFUBD,  Pitrkllcld.  8M'iiilun.  Mbul-IioIct  

612  Slliril,  T„  Sen..  .M.K.,  (!iijdrrf..iil  Viltm,  iir.  .Wn-iiliam,  lllrjuwstw 
&18  .Suna.  T.  K..  Fli<jeiiU  FomnlrT,  Nowifvto  Strwi,  Ni'tcmtlij  on-Tjmo 
514  SNOWbON,  T,  Jun,  We»t  UUclibuni  Cnll.,  rr.  TonlAw.iN'a  DarlliiKlim 
£18  Sopvrrn,  A.,  Canniick  ChnM  (rolliorii^,  n>aar  WaLnll 
610  SoFWIia,  Too*.,  C.  (Iiiwt  (loi>rp?  St.,  WralmiiiMor,  WmAm,  S,W,     .. 


Apta  II,  1B7-1 
April  4.  laCA 
Dec  7.  I6ffr 
April  n,  1674 
Jol.v  S,  1872 
Juito  1.  L^(? 
A]<ri1  6,  1872 
Jano  3, 1871 
Uv  0,1871 
18SS 
Ajiril  3,  1850 
April  11.  1874 
Dec  6,1866 
Mv.  S,  1B73 
Oct.  *,  18« 
Aprit  7,  m77 
Ang.  2],  Ihht 
Dec.  4,  187S 
2,  1P72 
4,  1870 
Ang.  G,  1853 
M»r.  7.  1874 
Dm.  6. 187 1 
M»»,  5, 1877 
Dec.  t.  1874 
So]it.  4, 1808 

Aug.  1.  isfja 

Mm.    3,  lf<77 


Jiilj- 
Jitni> 


^^^^f                                                  (xxxii) 

^H 

^ 

ti.*rTt«k           ^^^^^1 

^^^^          tl7  SorruKiui.  It .  Il^rie(|^i  Hnua,  TIm  I^uuK  Tmlvsitn-iUi',  Cardiff 

A'ic.    3. 1S88  ^^H 

^^^H           fttS  HoOTRWuitrii,  Tao*.,  llinJIujr  Oravn  CrjIlioriH,  ncnr  Wi((aii 

Ha;     S.  1H74          ^| 

^^H          BID  SrEM'K.  G. 

Juw    7.1878           ^1 

^^^^1            &2a  ijriyci,  JtusH,  ClifUin  and  MutgminSu  Culliertot,  Wi^ldr^ton      ... 

Nov.    7,U74           H 

^^H           Ml  Sraxcii.  Joiix,  WntpHe  Ttmi.  XeircMtletm-Tyuc 

bM.  i^uas      H 

^^^H           S22  iSrKvcKii,  M..  Nwbura,  ncnr  K«wca4ll«-<>'i-Tj:i« 

Kr[.L    4^I8SB    ^^^1 

^^^H          U3  8ri^t?Bii.  T..  Kytott.  N«wcAtt]<M>n.TjnM) 

five.    AIMS  ^^H 

^^^1           ft2t  S.-cyCRK,  n'..  I2r>.  I^Kidoti  Bawl,  l^foMt«r       

Aog.  81,  tSSS  ^^H 

^^^H          &aS  SiHAVH^fiOX,  A.  U  Dnrlum                               C^tmhtr  nf  Commeit) 

Dn..   flC  1865  ^^H 

^^H            6flS  STSiTD^M-v.   ]).   F..   O.A.,   I.I^IU    )iarru(«r.a.lAir,   Cron    IIubm, 

^^H 

^^^^P                            W««t9»to  Rood.  N«wcutl(Min-T>rio               .... 

April   1,1871    ^^H 

^^^H            627  Stiili,  CllAftLKi  K..  Almb'tn^h  H'Mtc.  ucnr  U»rjpairt. 

S.  IH&I  ^^H 

^^^B           U9  Sririiinaoir.  Q.  R^  9,  W^m  Clumtwra,  Vr'oatnlinitn.  Ltradoti,  S.W. 

Ucl.      4^  1880  ^^H 

^^^H           Hit  8nr<iBn)!r,  W.  11..  Klmriek  ILmw,  Xvweaftle-oa-Tjruu 

Mar.   7.IJie7         ■ 

^^H               MO  STZrK!T4Q.<l,  R.             

»h.     6,  llt7e          H 

^^^H           &ai  Srantif,  Vt^  WMrmmik  CjllWf,  SniuLurUnd 

Jolf    2.1872          ^1 

^^^H           633  Srouir,  Tiioj.  E,  Cl.-oirli  Hall  Irrxi  Worki,  Kidsrvw,  Suffunliblrg 

Feb.     6.  IS7d          ^1 

^^^H            MS  HltiAKRft,  JoilK.  SU^tEuiK  OuiiM!.  C'i»bri>Ifrt--!Mi-Tjiii« 

Uaj     2,1807           H 

^^^1           SM  S.iAKCii,  J.  U.,  Willin^n  QmiM.  Co.  Durtiam          

Oct.     3. 1874          H 

^^m           U»  HrKArniM,  T.  II.  M..  TmU^rtr.  .SoiUi  \V*t«* 

\^.    S.  1870           H 

^^ft            636  SwAt.L>jw.  J.,  P.int'>p  Halt.  LlitU  Ufwn 

Mav     %IS7I    ^^1 

^^^H            637  SWAt-l/iwr.  II.  T..  Spri>igHr<-tl,  GAtetliead 

ISM  ^^H 

^^^P            638  HwAX,  U.  K.,  Sbi|tl>iiiUli>r.  .V«<n:i^ln.au<T^na 

S«]rt.  2,1871  ^^H 

^^B            689  KWAK.J.  0„U]MaU  lUl.  WAT  UlddlMttru' 

8<pr.  S,  1871          ^1 

^^^              (W  SWA)tX.C.a.,8ac,a«3«r.tlMmin|j[Aua.Ld..6.N<i«HraudSt.LMidiin  Anjr.    7,  tSTS  ^^^1 

^^^H           611  Tatc,  b>iM05,  KiuibletworUi  CulLi«rj,  Co.  Uurluin 

tfopLll.  1876         ^1 

^^^^1           6i2  TaVu^,  Hloii,  Ktii|C  Street,  Qua/,  Neirfaillctm-Tj^iMi 

HoiiL   Cs  ISW  ^^H 

^^^1           6iS  Tailoi.  T.,  KlngStrwt,  Quav.  N'vweuUeiKiTxiM 

Jul;    S,  187S  ^^H 

^^^K          &U  TATLoi-HMitii,  Taovts  Crpali  IlaR,  Cbcitrr-lc-StnM      

Aoff.    2,1866    ^^H 

^^^^H          6U  Tiiu^iAo.  A.,  HiWin  U  m>«%  uwar  Nwiiluui.  Ulv»cmt«r*ltin 

Uar.    2. 1872  ^^H 

^^^H           6U1  TiioMiitox,  Jahis.  Hurwurtli.  [>.irliiigt»ik 

JuM  2,18aS^^H 

^^^H           647  Tmomim>k.  JoHif.  U«i|iUttio  ILUI,  Cliwtw 

Sopt   2.1M6^^H 

^^^H           6IS  Tmohhox,  J..  Ilillon  llfvair.  UUckrtai,  iMwChiirlejr  . 

April  0. 1807         ^1 

^^^1             Bie  THOHrtox,  H..  Juii ,  R<lri<ltcw  II»ii«s  nn>j«iU«,  Cm.  Durham 

S«|>|.  7. 1807  ^^H 

^^H           660  TiioumoM.  T.  (.'.  Mlltiw  lldl.rarii>la 

Ma/     4,It«4^^H 

^^^H           661  TiiOKfOX,  Jonn.  K«lnii  Mine*,  hr  Mi'IdlMbroV.. 

7.ie7T^^H 

^^^1           661  TflOHMT.  JcM.  V^  UaivMi  Main  Ci^Ular,  KnthMWn 

Foil.    6,  l«r76  ^^H 

^^H           6S)  Ti<i5.  J.,  C.K..  A*ltii<n  fru»  >(  illiiig  Mtll*.  liiw-r  .Vohioit.  Orbtol      . 

>M.  7.1««7        ^1 

^^^H           fi&i  TlTLrjtV'Wniuiir,  ('.,  KUn-aaka  CiJIW.f.  VVnrk*^  N<itU 

186a  ^^H 

^^^1             666  Truiii,  Alviko  K.,  133.  Buta  .*«Ug*t,  Canllff     ,. 

April  uitrra^^H 

^^^1           6(6  Traox.  \Vu.  ionw,  1.  I«wther  KtrMt,  HlilUhami 

Mar.    8v  187T         ^| 

^^^H            6S7  TrJeACK,D.,KvUi^Ki>rw><aUaail.e/uC>Ma-uf  CiuL.uH.Aiii'ij.C'ltliM  Kvik   14,1874          ^| 

^^H           66a  TriEACK,  WitrKRn,  TanAehl  Ua  tVJl..  UaU  <Ww>i  MuUoti.  NViroMlfe  Oct.     7,  ISn         ^| 

^^^1           610  TtTUB,  Jonv,  DkuMwd  BuHiv  C>m]>uijf.  WUitckavnn 

lUr.    a,  1877  ^^H 

(xxxiii) 

SOD  Wakiiau,  E^  C.  Mid  M.B.,  Millwoml,  DAlton-ta-FnniMi 

S61  Waek,  U.  H.,  Hlver  Wear  CiimatiuiAnt^nt.  .SumlerUnd 

Sai!  W«Li:i:n,  0.  »,,  Wli*n.diff«  Silk.U.iw  CollicHw,  Wortley,  nr.  Sheffield 

&63  Walkrb.  J.  ^.  IS.  WaUg»t«.  WIkiui,  Lvusuhire        

861  WALKtB,  W„  8«ltbum-byth«-8« 

668  Wallacs.  HtxiT.TKncliHAU,OmlMluad     

seS  Wasd,  U.,  it'4bi«t(ia  HaU,  mmr  PBaktMga,  9l»Bord 

567  WjtsriALB.  Joav  D.,  M.K-.  I{<vIhciLgh  Kiigirio  Woriu,  OttlivbeMl      ... 

Ki  Waiuiell,  S.  C.  1>oo  UiU  Houce,  Alfntou       

Eft)  n'ABRisoroK,  J.   ,, , 

STO  Witton.  I]..lli9li  Bridge  Wurks.  N»wcui:«-on-T7iw  

671  WTataov.  H.  B..  Uit;b  BniiKt  U'urlu.  NewcMtle-an-Tym      ... 

$73  WxTton,  M.,  Flimby  *ol  Bnmglitoii  H>mr  ColUoms,  near  MBrj-port.. 

673  WfiEK\  J.  Q..  Bcdlinfrton  ColUerj,  BcOliairtaii  fMemitr  nf  CouutilJ 

574  WurHACOTr,  P.  6.  B.,  Elswi«k  Iron  Work*.  Ki-weutk       

675  WHAmLr,  W.  L.,  WtfAniiuutk  Cullii'ry,  SundcrrUnd 

676  WjiiTi!,  H.,  Wnudttlc  CmiI  Cmuimiiv,  TowUw,  new  DnrUngtou 

677  WiiiTR.  J.  F.,  M.K,  Wkkelicld  ..  

&•{!  WuitB.  J.  W.  IL.  WwxUo*(Mrd.  nwr  Lwl*     

579  WntTRBEAD.  Jamih,  Hritidla  Lod^^,  am  PrMbon,  LftncuLira 

8^  WifiTKLAw.  Juim.  118,  Qeorgv  Strwt,  Kdinhnrgh      

681  WiiiTKLiW,  T^SUiL'ldduldI>alscllC«llit<ri<«.  Mi^lh«rwftlt 

&SS  Whittbm,  Taos.  S..  Wyltcn  Colliery,  ii«r  Cmmtry 

SS3  WiDDA*.  C,  Nurtli  Ililolibum  Collionr,  Iluwden.  Darlington    . 
BM  WlOBT.  W.  H.,  CowjwTi  Colliery.  Blytb 

689  Wild,  J.  O.,  Elli»U>wii  CoIIht;.  Bllitldwn,  uwr  Lvi<.'c«tcr     

G8S  WnXlAMS.  R.  Cleveland  L<-«l^.  Mi^ldlMbro' 

W7  William*.  J.  J.,  I'litilftwyii  Hdii.t*.  Hiilywi'll.  niitUhlre       

SSa  WiLUAMsox,  Joas,  Ubemicul  Maiiufncturcr,  Sonth  Shield* 

S^  WiLUAXCOM,  JoHX,  Coiiiiock.  &C.,  CoUicrit*,  Hudueifr^nl     

(90  WII4JI',  J^  14,  Purtlaud  Tcrmce.  NGWciutto       (Mnnher  of  ConncilJ 
6AI  Witaox.  J.  B.,  Wiiiufiolil  Iron  W.Trk«iii«t  Collioiy.  Alfrwton    , 

Wi  WiLsO!*,  HOBIHT,  Flimbv  CiJlirry.  MarviMrt  

893  WiLwm,  W,  B.,  KipiMu  and  All«irt.iii  Uolliorics,  Lcnb  

KM  WiwTia,  T.  B»  flrey  Street,  Newcadtlu-wn-Tjiw  

69a  W<x»P,  C.  V>^  Krpnlnml.  Ilriilf^  "f  Euni,  t'ertlwluro 
S96  Wood,  LisneAr.  Southlll.  Clu-fUT-lu-rtlrcvl  (Fast  ?9V»WKKr,  Mtm- 
trr  of  CnH*ei\} 

f/ij  n'oon.  TiiouA?.  Itaincau  Hoitno.  Fvii'Ue  Huu*i>«  

69S  Wuou,  W.  H,  Wnt  Het(m>,  Fcrrybill 

&99  Wooo,  W.  O.,  Triiml'Jii  Oraugo  Cyll..  Co,  Durlntn  fMrm.  ef  CoundlJ 
Sj(I  Wooia-ock,  Utxer.  St.  Ifc-c*,  t.'iimlwrlund  ... 

flul  Wwioilt,  G,  II.,  12,  Tniiopiiigtmi  Street,  l-'ombridg» 

«B  WsioirT,  J.  M.,  Bttmiaor.  Bjtoa-oii-Tyue  

flOa  Wsioiiwon,  T.,  Stocktoii-on-T«at         ,..  


Dpe.  7.  1867 

Feb.  S,  IS73 

Dec  2.  1871 

Dec.  4^1869 

Mar.  6.1S70 

Nor.  2,1872 

Mar.  6,18ea 

U»y  1, 1876 

April  Lisa 

Oct.  (i;i«59 

Har.  7.  IMS 

Mnr.  8,  1877 

Mar.  T.lMft 

Feb.  i.  lSfl6 

Jdim  8,1868 

Dec.  4,1876 

186B 

Jnly  2,  lft7S 

Sept.  £,  1678 

Dm.  4,1876 

Feb.  6,1870 

April  6.1878 

D«c.  6,1874 

Dec.  6, 1««B 

Feb.  8,1877 

Oct.  6, 1867 

Sept.  8,1866 

Nor.  2, 197» 

ScpL  2,1871 

Nor.  2.187S 

Mar.  6,1867 

Nnr.  6,  1866 

Autf.  I.  1874 

Feb.  6.  1889 

Get,  7. 1871 

1B68 

OrL  1.1 867 

Sept.  3, 1 870 
1S5S 

Nor.  7.1863 

Mar.  3, 1878 

July  2,1872 

Aog.  6, 1873 

Sept  13, 1873 


604  Voncn,  Paii.ii- 


Oct.  II,  ih-7a 

* 


(IXIJT) 

©riiiuaro  JJltrabers. 

■Lie 

I  AoKBOSD,  Wii«Jan.,U.R.,Marl4>7  Main  Co11ieviu<H  Morley,  or.  Leeda  Feb.  7,  ISAO 

a  Beu,  C.  R..  P«rk  HoiJMi.  Durlaun  Dw.  S,  IPTO 

3  ItH&MALL,  EiRMir,  M.I.C.K..  }>t.  Ili-kuX  Lani'Atliiro  Oct.  C.  IS7S 

I  Broja.  Rich  IMP,  Milling  Ivi^lnwr,  Oilwall,  Uorttniind  ...   Nov.  0.  1990 

6  B(rTUii.W.  r.C.£,.6.Qti>^nAatic'*C>at4',W(«tmlnst«r,U>iHloii,S.W.  Feb.  7.  tSW 

8  Dackm,  TnovAH,  Itearhnin  (.'nlllory,  Marfiiort  .,   Mitjr  1.  167S 

7*l>ixov.  JauhS.,  17(>.  tlttpeStrwt,  OLugaw ..  Ati«.  3. 1S7S 

8  Kn.r»,  W.  R..  K.O.S.,  WigM        Juiw  1,1878 

9  Oi  cnviT.  TfioKia.  KltHn^Uftin,  Prudboe-oQ-Tjras  .  Ut>  4.1878 

10  U  )ri)iii,  J.  H  .  13,  Lawthpf  Straat.  Wbibib»Du  SopL  7,  IflTS 

It  KELurrr.  Wituxu,  IVIgwi        Jano  1,  1078 

IS  Ijtxd«)trKR,  Joh:*,  Aiiehiiibi<ftLti,  >l«..  Callirruui.  Lnuitrlubira  ...  SepL  7.  I87S 

la  LiWA  W.  O.,  L'ivil  BfiffiiMwr.  Ndrcaitk-Hm-Tynn       ...         Oct.  2. 1880 

14  LLawtLLix,  I}*rii>  MoHOA.f.  P.d.S., OUnwern  OXaa*.  Foaty\joal ...  Vnj   11,  1881 

15  Maktib,  Tax  rAmsHus,  AlLbkUom  CoUivry.  MoftbgvU',  CKiiuI«  ...  F«h.  Itt,  1S7S 
IS  POTU.  Jo«.,  Jan..  AretiiUicl.  Ac,  NtirtbClilT,  KAor.  SiindMlund     ...  Ugvl  6,  IC 

17  I'kiob.  KowARn  O.,  ItupocUn-  of  Siwdi, Xaaoiuu.  Brituli  Calumbia...  Feb.  7,  inSO 

18  HoflMxa,  William.  H.E.,  19.  King  Stmt,  nrifTui      Nov.  2.1878 

19  BvniLL,  RoBiBT.  M.E.,  ColtueM  Iraa  W»rk«,  KewKuiiiiB.  X.D.      ...  Apc.  8, 1878 

50  BrKXOlK.  John  W..  NcHrlmrn,  iHMr  NtmowlIe-on-Tyne  ...  .   Ma.v  4, 1878 

51  Torrmo.  Valtbh.  Uwrn.  Cros.  Tetlry,  &  Co.,  Pbtt  IJridK«,  Vrtghn  Mu.  1 1878 
22  WureTAKLiT.  Kosr..  M,K,32,  8t.  Ann'*  Street,  Hwu!l>c«t«r 8epL  7, 1878 


^asotiatf  gjerabrrs. 


1  AixoLD.  TaoMAd,  MlncnlSnrvetof,  l-xK-hur.  (IlKinoripuuliln  ..  OeL  8,1890 
8  Ai-|il-fl  T.,  Uiiirnd  Traffic  MMixKvr.N.K.KkiliTMy.NawnHtlo-Wi-TytM  Xng.  7,1890 
8  Ha(X))i,  Akthib  H..  Unrtoti  Collier;.  tSontkrUiul  Nov.    8,  1877 

I  l»AiLi».B.T,  Hriiig«U.F»n7hm  J uk   7. 1878 

6  UAaxiii.  A.  W..  QnMBmote  Collionr,  imu  CtuttmHOi  OiM.     6.  1878 

6  lUnurTT.  CniBLU  Rollo^  Nmr  HtmkAtu.  RoUun  Oarbow Not.    7. 1874 

7  Bbbilbt.  R.  W..  Mm1«j  HID  OJIiwy.  OMcdiMd  Veh.  li.  W* 
H  ItKWtcs,  T.  M..  MaTilou  KriiV,  Nortbaabtrirad                                .  MBr.    7,  Itfli 

8  BtBD,  W.  J.,  MTb^u  CtttUei;,  Dnrhsn  .  Nov.  ft,  1H7& 
111  bBocat[.TRAiiAii.H«ab»iiOalli0i7,  SMbaM  Uartimir  .  Fob.  1.1878 
II  Hiwws.  M.  W,  7.  EU«lck  Vnrk.  XcwoMkMin-TtM  .  ,  Oc».  7.  1871 
U  Ubowx.  W.  H„  M[iriii);1U-U.  Wavvrtn*,  I.Irvqnol                                  ..   Mbt.    %  1878 

15  UnttCB,  Joii^,  2,  FranlinffUiQ  I1a««,  NvimatlrHm.Tjmf  r«b.  14^  tH74 
U  BrLKAX.  U.  F.,  WMt  lUluton,  P«u«o  limua                                        Mai     1  1871 

16  ItrHMLBT.  R.  r..  WbUwowl  CbllbriaB.  XnnMntnn  A))ril  11,  LK74 
16  Cabusi.  FtDBt.  eo  H,  K«<»UU  A  a>n.  t&  (It.  mi»diMt«r  Nt..  I.nndmi  CM.     «,  1877 


<UCXV) 

tiamaw. 
CKAwnKB.  W.  Usrar.  1&,  Vittorit  Itcttd.  Bamilej Ow.    S,  1871 

18  CMAU.T05,  \V.  A^  SfaiM^r,  HoMn.  Tui^rye  Bru*.,  S.>.  Uaedn  ftk, 

Qaladind-«i-Tyn«    ...  ,  Nov.    6,  IffiO 

19  CuRr.  RoBT..  flanwnt  CoIluNrios  Cwiubhud,  nr.  MamIIv,  So.  Wo]«  Sept.  11  1876 

50  CLOFOn,  J«HB>,  Dedlington  CoIlWtm.  ihw  U<.r{«.t]i April   &.  Iftji 

51  Cu>T»,  Lo^t^  1,  tv^ruiiKli  iloRMw.  a«twbtsd-au-Tyiie  Feb.  1(1,1879 
22  CoBlioi.i>.C.  H_  ItAu,  H)?tvfar>l*l»n<  .,  Ha;  S.  1B7S 
SS  CoCtlfr.l«K  IE«LPB  D,  UoM'Mi  C'>ltu>i7- OfficM.  fiUM  HoWMl  ..  Jtnu  1,1878 
Ti  CoorKB.  ]L  W..  SoliciUrr,  NewcMtle-oB-Tjne  .  .  Sqit.  4,  1880 
Sft  Salkikl.  W.  0.,  2,  PCTnliTtilit  Termw.  Ouitiff            Sept.   7. 1878 

26  Ttonu,  M^  Jan..  nrddm  C»niory.  W>Um-i>n>iyno  .     Doc    4.  IRTfi 

27  ItorcLAfi,  M.  11.,  M««d«i  Cdllkry.  Si.iitH  SliieM*       Aof.    2,  1879 

28  DojLS.  VAmCK.CR..  F.M.S..  V.h.H..  M.tt.A.S..  Mu»icil«i]  CliKtutwn, 

C1iBTi<v»  Toven,  c/dTivnttsviUf.  QnGcuilBud.  Attrtnlift...  ..  Mat.    1.1879 

28  Koxy.  C.  lU  Btkerlejr  lIoDM.  Uarlin^oB ,    Scpt.IS,  1873 

aO  KnCK.  J.  V-.  law  Hall  CohI  atuI  CmiocI  Ca,  Llmllwl.  ^?I]{bii  ..     !>«;.     6. 1871 

91  Bdok,  JOHH  IL.  i'lmlpTt  Win-  li^.iM-kMK^Ijiiiii  WVrk*.  Sbifml,  Salop  Kr|it.   7,  1878 

82  Paiblkv,  Jaxwi,  Craghewl  uid  llolinslde  CxIUertoi,  Che«t9r-le-Stn»t  Attg.   7. 1880 

83  FariB.  Mahk,  tXaiby  Cfllltcty,  Uin-bj  O^L  7. 187t> 
U  aAMBIBB,0.  O.  C.              ...  ADg.    8,1878 

85  OlRBAAu,  JuiKit,  Inee  Hall  CimI  And  Cnimd  L'ompiinj-,  Wigwi         ..  Unr.    8.  1873 

86  OxnXBll,  T.  ¥.,  Kunfonl  CulHe-rin,  St.  Hfleii'i,  lAuculiiro Jaly    2,  1872 

87  auRMBM,  W.  J.,  Wmborton  «V>lIii>r7,  Wi^Aii .  Mnr.   2.1878 

88  aucSLKT,  W.  S..  Ovrncnlo.  .Wibt-ile.U-Z<iueb  ...  Oct.     6,1878 

59  Hauiltox,  E^  Kig  WtNid.  (<Altbiini-l>>'tliu-SeB         H«t.    1,187S 

40  UAUitis.  W.  S..  Amlrvwi  lluikU'.  iimr  <i>tr«linMl         Feb.  11, 1871 

41  HASatSON.  J.  W.,  M.K.,  UIldttr«.vii^,  iioiLr  Irf^i.>il.«  ..  Aiig,    3,  IM78 

43  HeiiLKT,  C.  Kktiilwin  LoiIrv  TIju  Aviime,  Deokenlnni,  Kent  .     l)«c.     S,  1871 

48  llCfiuu.  B.  O.,  Si.<l«ra.v  Viuw.  Whitcluii-«a        Juii«    1. 1878 

M  HoMBLK,  Stbi-bbx,  CUoxeU-T  Road.  Derby     ...        .n        ..         .■  Oct.    6.  1<^77 

4o  Jbpbon.  H.,  I%bw  VaIc  ^Vorkd^  Kbbw  Vale.  Man.      u.        Jnl.v    2.  1872 

48  io»)tms.  W..  Abntm  C.JIkrj,  Wigwi     .. Fclx  14,  IH74 

47  JoRiiAX,  J.  J,.  South  I Vrw^iit  Collii^v.  eia  LiiiU  Qrtm  ...  ..  Mar.  3,  1878 
18  Lkach,  C  C- It<.>dtingtnri  Coll'iprir*,  IIMIiiigtnit  .  .Mar.    7.1874 

48  LrsDSLL,  J.  M..  Hunmi  Calller^'.  near  Siindnlaiid  Mir.    8|  1878 

60  LluLB,  J.,  WuhingtoTi  CMlirrj,  Connlj  IliirWa  ,.  July  S.  1873 
II  Haiwaiix.  H.  O..  auaAfW  Vale.  WnllDiigoiig,  Xew  Sooth  Wales         ..   Sept,    7.  1878 

52  Makki'KAch.H.  R.,H(i([&L  Honir- Fann  l'aIU..I^]cIiftU,Iliunnt»ii,N.B.  Mar.    8,  1877 

U  MABKaAK.fi.  K..  tlowlUh  OlbccM,  flMlirp;.  AuekUud l>ec    4.  ISTu 

£4  Ueut,  E.  p.,  Nimiwry  CuIUery  OOlcu,  Sliufliold         ...         Oct.     S,  1878 

SS  MruTAX.!,  W.,  C.R„  RoariiiHir'i  OtHoc  C«iitnl  Stntiou.  Nowcutls...  Mar.  6. 1881 
68  MtLLZa.  D.  8.,  Nestuii  CuIIinMiw,  Cliotbiiv  ..  .  Nnv.  7,1874 
67*Mii.ti!B.X.,Kurlnirbiill«!Coll..tiwtImliaIlailwiy,ChorfLiiic,Beiiffiil  Oct.  B.  1878 
68  MoKBiSG,  C.  A.,  37.  Hpring  tlardeus,  Lonitoii    .            ..  Nov.    7,1^74 

6»  aioHMDX.  JoiiK.  XowlKiltl4>Ct<Il)mit«,  Dalknith.  N.B Dec.    4.1880 

60  I'lilCUAttD,  W,,  Nav.  aitd  l>««p  Diiffijii  Collis  Mountain  Anil,  So.  W»l(!ii  IJpt     7.  1878 

61  Fbiholb,  JoD.,  MonofKr.  Coxlod^  Ci.lli»r^.8u  (iosXorilii  XewoiMlu    Mur.    6,  IK^l 


^^^^^p 

^H 

^^^1            02  RlTHBORK,  Edoab  P,  39.  Tli«  lloltona,  Sonth  K«n<ingtaii,  Umdotl 

Utr.    7.1074    ^^H 

I^^^H           B8  RrLAirns,  Kccbard  A..  Ilkfitrd  I^m.  Miner*,  WreihwD        

JoM   1,  UfTS  ^^^1 

^^^f            94  Saiub,  yf^  D.  3c.,  QlritU.  K.I.IL,  dmrd  l.in«.  rfa  MudiUpoi*,  BaOBa] 

Nnr.    J,iaT7   ^^H 

^^H             RS  SAwrXR,  A.  K.,  Am.  It.S.M.,  IU«f«nl,  Strike- iifnnTiYnt        

Dm.    0.1878          H 

^^H            06  8BTl[orB.T.M..LunbtonC«Ib..WiuiiUli,iir.NDH-outlr.Xoir:j.WBlca  Dec.    4,1875           B 

^^^1           67  Shitb,  J.  Btn^aLo,  TliD  Ltturdi,  Chnti^rfli^ld   .        ...          

Xor.    8,  187S            ■ 

^^^H            AS  HmrH,  Tiioa.  Rkauix,  U.K..  llockingiMn)  ColUory,  nuar  Banwlujr ... 

Feb.    5.1861           H 

^^^H             69  Stokakt,  F.  BtiiR  Hnuw,  WMluufrUni.  Cii.  Ourluioi      .. 

AaR.    8.  1K73            H 

^^^1            ?0  8T0XIU.T.  H..Wi^nCi»l&  Ir'>iiC«..W'i.«tli,-iKli.iir.  U-iifb.  Laiioubira  Xov.    7,1674           ^ 

^^^H            71  Ttir,  Jambs.  RaUU  \gtmt^  G«wniilawn<r  Moor.  CoiIim      

U*y  14, 1881           ■ 

^^^H            7S  TauFOBr),  W.  H.,  Cnmlinston  Cvllier?.  NunhumUfrliind      ... 

ft!!.     3, 1874  ^^B 

^^^H             78  TOHHarLL,  OBOSai^  Smlmm  roUirnr,  Scaluitn  llnrUiur 

Oct.     4.IH79  ^^M 

^^^H            74  WALniUiHAiiOBATi,  (.'doit  I'trk  &ihI  Li<itwLi  Coll.,  Burlttii-oa-Trciit  J'ino  4, 1S61    ^^^| 

^^^1            7fi  WAi.T>iii,  J-Cort-TBABD.  SouUi  iteiwi-ll  CuUilt;,  NGwa>U«K»i-TjnM!  Nov.    7.1874          | 

^^H            7A  MTabolk.  Edwaiei*.  M.E.,  Craghcwl  Cdlwry.  Ctustw-lt^trMt 

... 

^^^H                                         Stubrnls. 

1 

^             1  aruttaob,  MAimnr               ...        ...          

IVt.     flLll»77  ^^B 

^^^1                8  AtKIXSOK,  a.  a.,  4,  lldio  Voe  CreMMil,  SandurUnd 

.  Aog.    8, 1878          ■ 

^^^1                8  ATiivaoir,  E.  E„  WMtbnarm  Hon«e.  Looir  B«ntou 

.  Not.    4,1870          H 

^^^1               4  Aixiiiw>!T,  f''niti)..  Harjrport        

¥ib.  14.1874          H 

^^^H              8  AT-mx,  K.  F.,  Lumlej  CuJUerr.  Fmoe  Houdm 

Feb.     B.  1R70          H 

^^^B               6  Arrov,  llBiriY,  SmImi  DoUrtl  CoVitrj.  Itadlry.  Norlhiimbt^rUixl  . 

Mm.   &  1838         ■ 

^^F                7  BAmoABTitia.  W.  0.,  RmI  llctton  ColL  OBm,  CoiIi(m»,Co.  Dtirhun  S«iit.   6. 1H9V          | 

^^K               H  Bkli..  dm  I'Ktn^  13.  GUI  eiT«t,  DnrliKin 

B«|>t    6.1N79          ■ 

^^H               9  biBp,  HuiKr,  Minn  de  rAi^nitMrN  Lt  Ben^  *rt  l>iiru«.  BaniM                                  | 

^^^H                             AIpe,  PraORi     ..                                   ,                         , 

AprU  7.1877          ■ 

^^H             10  BunnT,  W.  C,  Jml,  6,  Old  Rivet,  Durhu) 

Nov.    «.  1870          H 

^^^H             11  BLirsLET,  A.  B..  Hollyrord.  Dvtrvbnrr           „        .„ 

.  F«k  IK.  ISTff          H 

^^^1             IS  BowLxiB.  T.  J.,  Ucdikm  VictnfWi  W'^UiB-oii.iyM 

Ub5    M877          H 

^^^H              IS  RK>MWiii.t.v  HroH.TjarxatiatU    .. 

Oct.     4.197»^^H 

^^H             14  Brovh.  C.  GitriH,  RMmi  ColHfry.  Veaet  Roum 

4  1870  ^^H 

^^^1             1ft  UrcxBtH,  ROBRBT.  AUndMn  Hi)«iM>.I«nelwMer.  Dnrbtni 

Ovt.     6, 1070  ^^^1 

^^H             16  Boavno.  C.  £.,  OaviUn^*  Offi^w,  CalcToid,  Olou«ai(er 

Deo.    8.1890        V 

^^H            17  Cavplbs,  T.  K..  Kui  LodfB,  rmik.  bariuigtAi)         

.  Mt7    1.  I87B  ^^1 

^^H             IS  CRAnLar,  CnAMru,  AUurtoa  OotlMw,  nnr  MndiMtrr 

8.  imo  ^^H 

'^^H             10  Cbafmav,  Klw.  C,  Mining  OAm,  Uandw,  Sasth  Shwid* 

.  (Id.     4.  1879  ^^H 

^^m               10  CBtU>.  H..  WUUirk,  Lrcda                      „ 

Kfb.  ».t87»        V 

(xzxiii) 

81  CocXBORX.  W.  C^  S,  Haminerliiti  (irov«i,  Ncwouitlc-on.Tj-Rv  ... 

Sa  Cox,  L.  CLirroHD,  JlavenBtone,  twv  AntihiT'ili'-U-Zniuih 

Z8  CKAvroa^.  T,  n'.,  K«>rs'  Wnt  C»lli»ri«.  Cnok,  hj  Dkrlingfaan 

24  C11051.  F.  E..  Killiiiinrarth  Hoimc,  near  XcwcBrtlo     ... 

£fi  CrKBT,  W.  Tbo-..  Wardlvy  Colliery.  Nu«nutl«^«a.Tyiie      ... 

56  Dati  iMKnr,  C.  C^  Ore  Buik  Hou»&  BlgriKg.  c^n  C«rnforth,  Cumberland 

57  Datw,  Kbkkbto  M.,  TrtwnelfiT  aiul  HtclU  Collierie*.  Kjton-on-Tjruc 

58  llri-tsitr.K,  M.  V.,  Snilejr  Vicarage,  l>Hrlinf{lna 

a(»  [>OHBiK.  Wu.,  UnwnrtliCclliCTy.  WuUii9taB8taUon,Co.  I>iirh*iii.., 

90  t>oiiMAn,  F'hanx,  The  I'ulxv,  MnidttoBis  Kmt  

SI  DocoLJU,AiiTBFn  STAictMr.  lUrtoa  Colliery. Mar  Sovth  Shiclda  ... 
33  lictwios,  W.  C.,  IMIe  Voa  Hoiib',  Eacomb,  near  UUbop  Auckland  ... 

33  Dvnit,  A.  f^  Poyaitm.  Stockport.  CltMhiro      

94  DourroHD,  H.  St.  JoMy,  liirdtrdl,  nmr  Damalej      

SA  BrAXR,  Datid  L.,  QuUtopa,  Nawport,  Muuwmthaliiru 

3d  Pkxwick.  J.  W,  16k  IVrcy  Ouilaiia.  Tjiiamuuth 

87  Fbkksb.  Fhicok.  J.,  saoi  OilMg«t<.\  Dnrhun     

SA  FLKrouRK.  Joiix  R.,  RIlMRwra  Pnrk,  t^oln,  near  Miuichntfir 
89  FOBBTH,  TaouAti  B.,  Backworth.  Noirnwtlc-on-Tjna 

40  FoRaiTB.  Pbask  W. 

41  PowLKu,  Rouititr,  Wnniiriiit]!  C'>)liDrj^,  Sniidcrlntid 


(IJIrtati. 

Julj  S.  I»72 

April  1. 1»«7B 

Dec  i,197B 

Sept.  S.  187B 

Svjil.  4.  IWO 

4.1«« 

7. 1S77 
2.  lK7<i 
M«y  1.1875 
Jniu)  I,  IS78 
Uv.  S,  1»78 
imc  1. 1877 
Jan»   S.I8T7 

Uuy     4,  1878 

Oot.  7,  IW« 

Dm.  4,  Itcso 

IlM.  1.  IK77 

Oet.  7, 187€ 

Dm.  9,  1876 

»«.  S.  187« 


45  On-r-WKT.  AiTTiirn  P.,  Towncloy  and  Stidla  CoUiiiiBs.,  Kyton-on.Tjrnc  Oct.  2.  ISSO 

43  QiiraRifT.  J.  R-,  Nt?wWUir  O'llii-o  Li^cv*,  Fence  Uutun Feb.  8, 1S77 

44  Goui>o)(,  Chab..  St.  tlaul*.  Lifhflcia      U»j  6.1877 

46  aort&,  AxE-i.,  Cowpcn  Cij11i«Tj-,  IlKUi Dec.  1,1877 

46  dKKiA.  J..  BmnoL-i«-11i.  Ourbi.in Feb.  6,  la^t 

47  OcTiuix,  JAifE4  KES3ICTU.  Kytou-on-Tjne Hkr.  1. 187tt 


4S  nADDOCit,  W.  T-.  .lull..  Hyhnpe  Cdlliwiy.  SunderUnd Oet.  7.  1876 

49  Hallas.  G.  H,.  Hiiidloy  Kinm  Colliery.  n«ir  Wipin Oct.  7.  1876 

$0  Hallimojir.  W.  T..55.  Wwtcm  lim,  l)iirh»m            Mkj  2.1874 

El  Hari,  SitMiTBt.  UluUtnne  ittrect.  Cronk          ...  Aug.  2,  1N7U 

(S  HarrisOJc,  Kobbbt  J-.  Bs^kwurtb  Colliery,  nmr  Newcnatte-<Mi-Ty»»    M«y  1,  1875 

Ca  HabribOit.  K.  W..  J^ll»Uc  Wharf.  Ldeerter       Ubt.  3,  1877 

H  HrblST.  Shpt.  H..  Lond^jmlerry  Offico*.  Smhwn  Harhuur     Feb.  16,  1879 

M  UiKiiT,  J.  (^  It..  UM-rtrth  CoUiNy.  Wellington  BtaCiuu.  Co,  DurluuD  Sqit.  2.  1H~6 

66  HbsWP,  SbitIwis  l'r|*tli,  niKsUT-k-Strmrt Pi-c.  4.1880 

67  Hbslof,  TnoHAB,  Xortb  Bitchbum  Collirry,  DBrlin^tim      Oct.  2,  iBCsO 

M  lIiLL,  I.BosiABD,  No.  4,  l)raBcei>et}i,  nnt-liHui Oct.  6.  1877 

6U  Iluoi'Bit,  EbWABLi,  H«>'(1du  BridK^-.  Xi>rlbviiiiburluid ...  Juii«  4,  1881 

60  Howard,  WAtTBB,  18.  llfivcmliiih  Strwl,  ChMUrficU            Ajiril  1.1.  1878 

HtDBOX,  ioBBFU  0.  S.,  Albiuii  MiiKW.  Hctou  C<Hiiity,  XovB  SocHtlB...  Miir.  2,  l^7S 

HCJULB,  JoiCBr,  17.  WcatDinrUiid  Terntce,  Newcastl«-on-'iyiie      ...  Mut.  3,1877 


(XXXTlU) 

88  HrvniJt,  RonllltT.  17,  WeatiiMrlaiid  Tcrrftce,  N«wcutJe'Oii>Tyna 
M  Hnrrsii.  Jon5  P^  Buckworll  Colliery,  tuxr  NvwcMlk-oti-Tync 


HfpL  2,1876 
Oct.    8,1877 


4t  JOBUvo.  Thos.  E.,  Codods«  ColBeij,  hj  Kwtoii,  Nffwca«tlo<ati  Tjn*  Oct.    7. 1876 


«R  Katu.,  A.  C.  Ft^linii  ColliCT7,  Oalwhewl         

07  KiRKnornK,  K.  (>.,  M<nl'>in*l6j,  Lints  Ormn,  NtrwcuttO'an-'Pjnw 
C4  KitiRrr,  I'niur.  I'ouh'^'  U'mI  Onll)CTi<>«,  bj:  ItarltngUiB 

W   KiKTDV,  ilroHi  HntTnej  C'nllirty,  lilLrbBin 


Oct.  7,1876 

Aiifr.  a.  1878 

Unr.  £.1898 

Apr\i  7,1877 


70  l.nrDur.  OtA-BixcB  8..  Maraden.  Soath  Slii(4Li  .    Kw.    4, 1870 

71  l-ITRiva,  K.  11^  S2,  Qitpcn  AniM  8trMt.Ciiretidr4h  Sfiiatro,  London      6*^    1.1177 

73  LoCKt,  IClOltHI  (>.,  f:ili»loHni  fotttiTv,  Kapirnrth.  nMT  I^MOMtfT        .      I>C«.      2,  197C 

}a  LoxoBOTUAU.  R.  H.,  Omu^kirlc  Rood.  NcirUm.  Wigan  Sept.  i,  1876 

74  HACSisiar.Tiinft.  Ik.  West  PelUnColUer?.  Cb«ct«r-l«-8treeC        ..    Nor.    1.1870 
7B  MjiDPtitox,  TiiOA.  K.,  TlinniliUI  Cutlinrixu,  UMT  UvwRhiiry  ..   Mar.    8,1877 

76  MrjtDLi.  KOMUT.  Lfani  CotlB^.  Wondbum Mar.    6.  I87fi 

77  Ui-HH*T,  W.  C,  Siv  I>crw«nt  ColL,  M<t  LiiiU  Onwu,  AnnacU  Plain  Oct.     4. 1979 

78  UriTDS,  CauuM  J„  iMnond  VUIm,  NeWMaOe-^nTyne ilxr.    6,  IKHO 

70  NtcnotflOD.  Joi.  C„  NewVitile  CcJliory,  F«nee  HmuM         fob.    8, 1877 

80  tttaiM,  J.  C  Cavurtb  Hall,  immt  Waaluiigtoii  Slatiuu,  C&  DarlMin...  Uar     6. 1877 

81  OaiiABr,  n.  E..  SMbxi  Itoktml  Collicnr,  Dadlcjr,  NortboinlieHAul  .     Uw.   &  187B 

fiS  Palukm,  BiKliT,  Eait  H'jirh>C(iUi«r.v,  u«r  PvTTjliiU           ..               Ni>v.  2.1878 

88  PATTWOX,  Joi.  W..  Londnnd«rT7  OUcm,  Hcnhani  Harbour                      Feb.  15.  IH79 

84  PUKI,  CiiAKLM  Eqwv.,  Cwnanuui  Collirrj,  AWnbre,  gonth  Watra  Kdt.  8. 1^7 

88  PlAKK.  It.  C,  llartMi  Collier?  OIHua,  8oBth  Shidda .-.   F«h.  7.  I8S0 

HI  PtuT,  A.  W.,  CwioBiiiaii  CoUkr^Offlc**.  Abenlarv     ...         ,„         ...Nor.  4,1870 

K7  I'iciiMi50.  W.  II.,  <'<tllc^  "f  Phjoical  SctcDor.  Ncwca«tlo  „.         ...  Mar.  2.  IK78 

88  PlCKWToKR,  Wk..  Oak  Itaiik.  llWk  Uno,  uear  Manchntcr                     Svpl.  11,  1B7S 

>e  PiKI.  All]iOI.l>.  Silkaworth  Colliery,  Hnnd«rtaiul            Vth.  &.  1861 

90  Pixoci.  Fnixcu  A.         Mar.  C,  1976 

91  Pcmur,  K.  A..  rniiallngtM  Hmim,  NorUnnbariand Fdk  6,  1875 

98  Phmt,  J.  J.,  8U  B«kH'a  Colliery,  Bbbnp  AnoUud Hay  1.1875 

OS  Puin,  H.  R^  Uoiif-liliui  Main  rollifrr.  nor  Banulejr,  Vorkihfre      .     Kav.  3, 1877 

04  PaivuLk.  U.  A.,  UnixxKV  MItm*),  iSalllrarB-bj.the^SM                    .    tM.  £,  1880 

96  Phikalb.  Hr.()eo..TMtlHdLe«Coll^LlBttOreen8latioD.K*wautle  Dm.  4»1880 

Oe  PiKKnOB.  C.  P..  Klllir«««Tll.  C«lticr7.  X««c»ille                                      Oct  7, 1876 


97  Rmv  R.,  Faittilaln  Raid,  SMtun  StaiM-.  n'lt  Wliillpy.  North lUnberUbd  Feb.     8.  1RT7 

98  Rm.  KfiKHt  P^  [.aiigilsjr  Pwk  O'lltvr.v,  Durham       Mar.    4.  lt)78 

90  BtCHAHixnii.  K.  W.  P.  H.M(xmt  I'lMMitLCuUMttOikUwhui      .Mar.    4,1876 

100  Boauraox.  PiiiXK,  Ai-kburtt  llaO.  Wif»M       Hv]4.  8,1876 

lUl  Koilitfoy,  Qto..  Ilebbarti  CoUln?,  Boar  Ncwfaatia  tm-Tjm  Kvr.    4, 1876 


(xxxix) 

102  R0B80!f,  Habbt  N.,  8,  North  Bailej,  Dnrh&m Dec.  4,  UK 

lOS  BOBSOS,  Thoa.  O.,  Hedomde;,  Newcutle-on-Tjno Sept.  11, 187S 

101  BonrUDQI^  W.  H.,  Stereley  Coal.and  Iron  Co.  Limited,  Cbesterfleld  Oct.  7, 1876 

105  SCAETH,  R.  W.,  Stanghow  House,  Stanghow,  near  Oniabro' Dec.  4, 1875 

106  ScHiKB,  H.  C,  East  Hetton  Collier;  Offices,  Coxhoe,  Co.  Durham    ...  Die.  4, 1876 

107  Scott,  Albx.,  Lofthonse  Colliery,  Limited,  Wakefield           Mar.  2,1878 

108  Scorr,  Waltbb,  Comsay  Colliery,  Lancherter Sept.  6.  Id7{> 

109  Scott,  Wk.,  Brancepeth  Colliery  Offices,  Willi ngrton, Co.  Durham    ...  Mar.  4,  1876 

110  Shith,  Thqs.,  17,  Woodbine  Terrace,  Bensham  Road,  aatcsheod     ...  Feb.  15, 1879 

111  SxiTH,  T.  P.,  Jan.,  Ciuderford  Villas,  near  Newnham,  Olouceatcrsbire  May  6,  1877 

112  SouTHKBS,  E.  0.,  5,  Fenwick  Terrace,  Jesmond,  Newcastle Dec.  6, 1B74 

113  SoDTHBRH,  W.  J.,  Redheogh  Colliery,  Gateshead        Aug.  1, 1874 

114  Spbxcx,  R.  p.,  Cramlington         Nov.  2,  1878 

115  Stobabt,  Hbnbt  Tbmpib,  Eton  Villa,  Saltbnrn-by^the-Sea Oct.  2, 188U 

116  Stokib,  Abthub  P.,  Birttey,  near  Chester-le-Street Oct.  6,1877 

117  Todd,  JoHM  T.,  Hetton-le- Hole,  Fence  Hooses Not.  4,1876 

lis  TODNBB,  W.  J.  S.,  22,  Alexander  Street,  Elswick,  Newcastle-on-Tyne  Sept.  6, 1879 

119  ToPHAK,  Edwaed  C Nov.  3,1877 

120  Vbbicbb.  Amidbb,  8,  Claremont  Place,  Oateshead        May  4, 1878 

121  Walxbb.  P.  W.,  Aldbro',  Darlington Sept.  2,1876 

122  White,  C.  E.,  Hebbum  Colliery,  near  Newcastle-on-Tyne     Nov,  4, 1876 

183  WiMON,  J.  D.,  8,  WaUer  Terrace.  Oateebead-on-Tyne  Sept.  11, 1875 


(llj 


dnbsrribing  Cnllinies. 


1  Aahiiigton  Cotliery,  Newcutlo-on-Tjne. 

2  HMweU  Collier;,  Fence  Hoaiei. 

3  Hetton  CoUieriea,  Fence  Hooks. 

4  Lambton  CoUierie*,  Fence  Houwa. 
6  Londonderry  Collierie*. 

6  North  Hetton  Collierj.  Fence  Houmi. 

7  Kyhope  Colliery,  noftr  Sunderland. 

8  Scgliill  Collier;,  NortburobcrUnd. 

5  Sonth  Hotton  and  Mnrton  CoUieric*. 

10  Stella  Colliery,  Hedgefleld,  BUydon-on-Tjme. 

11  Throckley  Collier;,  Ncwcwtle-on-Tyne. 
IZ  Wuannoutb  Colliery,  Sunderland. 

13  Wliitworth  Colliery,  Ferryliill. 


CHARTER 

OF 


THE    NORTH    OF    ENGLAND 


FOUNDED  IM2. 
INCOEPOBATED  NOVEKBKtt  asm,  1S7«. 


?IUil"iori<l,  *>y  ^  O't"*  of  Ood,  or  the  tJnit^a  Kingdwrn  of  Oretl 
Britain  and  Irvlatid,  Qiicon,  Defender  of  Lho  Faith,  to  all  to  whoh 

TRRSR   PUBSESTH  BlULL  COMB,   C.RBETIXO  : 

Wbkrkas  it  has  bwn  rejireiwnieH  to  m  that  NiCHOTJks  Wood,  of 
Hetturi,  iu  Ihv  C'uuut^  uf  Durlutiu.  Kaquia-  (tiiiiue  deceased);  Tuuuah 
EMKiwas  FoMsTEH,  of  NowcasUc-upon-Tjnp,  Esquire  (flinoe  dewiased) ; 
Sir  Gkorqk  Em.iot,  Baryuet{thvu  Cic-orge  Elliot,  E8<|iiir(;>,of  Houghton 
liall,  ill  the  said  Cuimty  of  Durham,  and  Eijwarb  Fjlnwick  Bovd,  of 
Moor  Uou£o,  in  the  said  Cotnily  of  Durhiitn,  I'^^iinirc,  and  dtlii^rs  of  onr 
loving  3uliject8,  did,  in  the  year  one  thousand  eight  hnndrpd  and  fifly-two, 
form  thcmsclvcB  into  a  Swioty,  which  is  known  hy  Ihu  naint  uf  The 
Noatn  OF  Esgi-aiid  Isstitpte  of  Miki»o  asd  Mi:cuamcal  Kvuiaeeus, 
bftviiig  for  Jt«  objects  tlic  Prcvciitiou  of  Accidents  inMinoB  and  thu  Ad- 
Tanoemeut  of  the  Sciences  of  Jlininj,'  and  Enffineering  gcncmlly,  of  which 
Society  LiynsAT  Wood,  of  Soiithill,  Clwster-le- Street,  in  the  Ouuuty  of 
Durham,  Keqnire,  is  the  present  rrvHid«nt.  Am*  \s-H£ukas  it  has  been 
farther  repivsont-od  (o  ub  that  the  .Society  wiw  not  mnstitiitcd  for  gain, 
and  that  neither  its  projectors  nor  Mcmhers  derive  nor  liave  derived 
pecnuiary  proSt  from  iu  piii!i[>^rity ;  that  it  has  during  its  exietvucu  of  u 
Iteriod  of  nearly  a  <iuurter  of  a  century  steadily  devoted  itself  to  the  pre- 
BervHtion  of  human  life  and  the  safer  development  of  minernl  pmperty ; 
that  it  has  conlrihiilcd  smlwtantially  and  Unifficialiy  to  the  prosficrity  of 
iht  country  and  the  welfare  and  happinees  of  the  working  memlxirs  of  tliu 
cominunity ;  thai  the  Society  has  since  its  CBtaljIi6lim>!nt  ilihyently 
pursned  its  alorcsaid  ohj(H:t8,  und  in  ho  doing  ha^  made  costly  cxperirrieuta 
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luul  resoarche*  with  a  Tiew  to  the  saTing  of  life  by  imiirovenienl*  in  the 
ventilation  of  laineB,  bjr  asoertoiniiig  the  conditions  under  vbicb  the  safety 
lamp  mny  b*  rcliod  on  for  security ;  that  the  experiments  c«)ndncted  by 
the  ISock'ty  have  related  to  accidenu  in  mines  of  every  description,  and 
have  not  been  limited  to  tliose  iiroceedin^  IVom  BXplomoiu;  that  the  van- 
on*  modes  of  gcttinft  coal,  whether  by  mcchnnlL-nl  applinatieB  or  otbcrwiae, 
have  received  careful  and  uoutinaous  attention,  while  the  iinprovemenia 
in  tim  mode  of  working  and  lianling  Mongrouud,  the  mnchinerT  cm- 
ployed  for  preventing  tho  disaBtrous  fallR  of  roof  nndergruund,  and  the 
prenmUoQ  of  ipontaneons  oombiistion  in  Reamn  of  ronl  br  well  as  in  ear- 
goes,  and  the  providing  additi>.>uai  veeurity  for  the  miners  in  ascending 
and  descending  the  pita,  the  iuiprovemonta  in  the  cages  used  for  this  par- 
pose,  and  iu  Ihc  safeguarda  against  what  b  technically  known  as  "over- 
winding," have  been  moflt  saccewfal  in  leweninff  the  danger*  of  mining, 
and  in  prwerviug  human  iifu ;  that  the  S(x:iety  hiu  held  meetings  at  slated 
periods,  at  which  the  results  of  the  said  ex[K-rimentH  and  rcsean-hcs  have 
been  considered  and  discussed,  and  has  pnbliBhed  a  ncries  of  Transactions 
filling  many  volnmee,  and  forming  in  itajll'a  highly  valuable  Library  of 
scientific  reference,  by  iirhich  the  same  Ita^e  been  made  known  to  the 
pnblic,  and  has  formed  a  I.iliniry  of  Scientific  Workii  and  ColIcctionB  of 
Models  and  Apparatus,  and  that  diiitingnished  persons  in  foreign  ronntries 
have  availed  themselves  of  tlie  facilities  atTonleil  by  the  Society  for  oom- 
mnnirating  imjMirtant  scieutiBc  ond  practical  discoveries,  and  thns  a  nwfnl 
interchange  of  valuable  information  has  lieen  effected ;  that  in  iiurticalttr, 
with  regard  to  ventilation,  the  ex])eriu)eiits  and  researches  of  the  Soiu-ty, 
wbiuh  have  involved  mnch  peconiary  outlay  and  penonol  laboHTf 
sod  the  details  of  which  are  Tecordod  in  the  sooceastTe  vulumeg  of 
the  Society's  Tmneaclions,  have  led  to  large  and  impartaut  advances 
in  tho  practical  knowledge  of  that  snbject,  and  that  the  Society's  i»> 
search<>s  luivo  tended  largely  to  iiicroase  the  security  of  life;  that  tho 
Members  of  the  Society  eict-ed  HW  in  numljer,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engiim-rs  in  the  United  Kingdom.  Asd 
WHSUU8  in  order  lo  secure  the  |>r[>iM-rty  of  tho  Roricty,  sod  to  extend  ita 
Bsefhl  opcratiiins,  and  Ui  give  it  a  atorc  |N!nuanent  establishment  smong 
the  Scientific  Institutions  of  onr  Kingdom,  wo  have  bucn  benought  to  grant 
to  the  said  Lixu^iY  Wood,  and  other  the  present  Hembenof  the  Society, 
and  to  those  who  shall  hereafter  beoott*  Ifcanbeii  thereof^  oar  Roys! 
Cboiter  of  Incurporstion.  Now  ekow  ti  that  m,  being  desirous  of 
enouuraging  a  design  so  tandable  and  lalnlary  of  oar  qiocial  gnocv  oor^ 
Uin  koowkdge,  and  mere  motion,  imvv  willed  gmntcd.  and  declared,  and 
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(!(i,  hv  ih«e  ppewnfu.  for  ns.  mir  hoin,  nnd  sucoeaMTS,  irill,  grant,  flnc! 
dtclurc,  ttiAt  the  said  LiNnaAT  Woon,  and  anch  othen  of  otir  ktriag  sub- 
jects as  are  dow  Mfmbers  of  thv  sniil  Suck-tr,  and  midi  others  as  shall 
fkim  time  to  time  hprenftcr  liooonie  MrinlK:™  i.horeof,  at-oiinlinft  to  such 
Brc'Iavs  as  Khali  be  made  u  hcreJoattcr  lueutioncd,  and  thdr  uicccoon, 
»haU  Tor  ever  licrcaftcr  bo,  by  virtue  of  these  prcscoto,  one  body,  politic  and 
eorixtnUv,  hy  Ihc  name  of  "Tii«  Noarii  op  Ehouaku  Ishtitutb  of 
HmiKU  ASD  Methakical  Rnginrrrs,"  and  by  the  nnmt  aforeMid  shaJt 
have  p('i-petim)  siKx^^sion  and  a  Cunimou  fSeHl,  with  full  pover  nsd 
mithority  to  alter,  rary,  break,  and  renew  the  samo  at  their  dieeretion,  and 
by  the  9ame  name  to  Btie  and  lie  snrd,  implead  and  he  implcnded,  aoewer 
and  be  ansirered  unto,  in  evun'  Court  of  lis,  our  h<;ir«  and  sncoemora,  and 
be  for  ci'OT  able  and  copuble  in  the  law  to  purchaec,  octinire,  receive,  jKia- 
ResB,  bold,  and  enjoy  to  ihem  and  their  BucocsKors  any  goods  and  cbattclH 
whatsoever,  and  al»o  be  able  and  ra])aUh'-  in  the  law  (notwtlhelandinj:  the 
utatiitee  and  mortiuaiu)  to  pun.'huee,  sc({Uire,  putwees,  hulii  and  enjoy  to 
tlicm  and  tlicir  mcccffiors  a  hall  or  hocse,  and  any  euch  otiier  lands,  tcne- 
montB,  ur  hercdiiainriils  whatsoever,  a»  they  may  derm  rcepiisite  for  the 
purposeB  of  tlie  Soeiety,  the  yearly  vultie  of  which,  inclnding  the  site 
of  tlie  8aid  ball  or  lioose,  shall  not  exLtsd  in  th«  wholv  the  sum  of  three 
thousand  pounds,  iTmputing  the  eanie  roBpcctfnlty  at  the  rack  rent  which 
might  have  been  hiid  or  gotten  foi-  the  Bame  regpectfiitly  at  the  time  of 
the  porchaec  or  accjuisition  thereof.  A^u  wt:  vo  ueb£UY  grant  our 
cejieeial  liecnoe  and  auth<:rlty  unto  all  and  every  peraon  and  peTSona  and 
bodies  politic  and  corporate,  otKcrwiBC  competent,  to  (fnint,  rpII,  alien, 
convey  or  devise  in  mortmain  nnto  and  to  the  nse  of  the  said  Society  and 
(facir  SDccessors,  any  lands,  tenements,  or  hcTcditameDts  not  exceeding 
with  the  lauds,  Cenemcutti  ur  livnjditninentfi  fu)  pmriiaRed  or  prcTi- 
ously  acquired  SDch  annual  value  as  bforeeaid,  and  also  any  moneys, 
stocks,  secnrities,  and  other  y>er«onaI  cittate  to  be  laid  out  and  dieijoeed  of 
in  the  purehpFC  of  any  lands,  tent-mcuts,  or  bereditJiUiente  not  exceeding 
Jhe  like  annual  value.  Akd  we  fliitueh  will,  gi-out,  and  declare,  that  the 
id  Sodety  ehall  have  ftill  i>ower  and  anthority,  from  time  to  time,  to 
sell,  grant,  derni«e,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otbeiwise,  any  of  tbu  liinds,  tuueniente,  la'ix.-ditajiient8  and 
poesffiair^ns,  whert^iii  tliey  have  any  estate  or  intercpt,  or  » Jiiih  they  shall 
acqnire  as  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lands,  tenement?,  or  hereditaments  of  the  Society  ohall  W  made,  except 
with  the  npprob'Uion  and  concurreuce  of  a  General  Meeting.  And  onr  will 
and  pltaanrc  is,  and  we  further  gmnt  and  declare  that  for  the  better  nile 


(iHr) 


and  povprniTW-nt  of  the  Society,  and  the  dircctiriii  end  maTiagomenl  of  the 
ooncems  thereof,  there  shall  be  a  Conitcil  of  the  Society,  *o  he  appointed 
from  among  the  Members  thcrtof,  and  to  include  the  PreRident  and  the 
Viop-PrMidcntP,  and  Fiich  other  niricv-Wim^i-a  or  pus*.  '>flioe*bcnrCTB  as  may 
be  directed  by  euch  Hye-lnnB  iik  hfreiiinflcr  m«ntifincil,  bul  w  that  the 
Conncil,  including  all  r-j-officiQ  Mcmbc-ra  thereof,  ^hull  eonsiet  uf  not  more 
than  forty  or  leas  than  twelve  Membore,  and  that  the  Vioe-PrcaidontB  ahaS 
be  nd  more  than  six  or  lew  than  two  in  nnmber.  ASD  we  do  besbst 
FUBTnER  nil]  and  declare  that  the  said  Lisdsay  Wood  aboil  be  the  6nt 
President  of  the  Kociely,  find  the  jiersona  now  U'ing  the  Vtoe-Preeidenta, 
and  the  TrwiFiirer  and  Secretary,  shall  he  the  first  V)ct-Prr»iidcnta,  and 
the  fint  Treatiurer  nitd  Secretary',  and  the  peraotunow  being  the  Membera 
of  the  Council  ahalt  be  the  litrt  Jlcmbera  of  the  OoDDcil  of  the  Society, 
and  UiaC  ihey  retipcctf^illy  shall  continue  such  nntit  the  first  ckslion  aholl 
be  made  at  a  Goneml  Meeting  in  purmiance  of  tlicae  pnsentii.  Akd  mt 
DO  iiBBEBT  FDBTUEB  Will  and  dcclarc  that,  Kulijcut  U;  the  powera  by 
Iheac  presents  vested  in  the  General  Meetingfi  of  the  Society,  the  Conndl 
shall  hare  thti  management  of  the  tSociety,  and  of  the  income  and  property 
thereof,  iuclnding  the  appointment  of  oflloera  and  acrranti,  the  definition 
of  their  dutifs,  and  the  removal  of  any  of  snch  offiwre  and  Burvauta,  and 
generally  may  do  all  Buvh  acta  and  deeds  as  they  ahall  deem  neceaary  or 
fitting  to  bo  done,  in  order  to  carry  into  i^ll  operation  and  effect  the 
objects  and  purposes  of  the  Society,  bat  so  always  tiiat  the  aaoK  be  not 
inoonatat«nt  with,  or  repugnant  to,  any  uf  the  provisions  of  this  onr 
Charter,  or  the  Laws  of  our  I.ealm,  or  any  U^-e-lan-  uf  the  Society  in  foaro 
for  the  time  being.  AsD  wk  do  ruaTUKB  will  and  declare  thai  at  any 
Gcncrul  Meeting  of  the  Sodc^,  it  slwl!  be  lawful  fcir  the  Sxncty.  aubjcct 
ae  hereinafter  mentioned,  to  make  sneh  Itye-Iaivs  as  to  them  ehall  seeni 
nooenuy  or  proper  for  tiic  regulation  and  good  government  of  the  Booicly, 
and  of  the  Uenbenand  affntnt  tlicreof.and  generally  for  carrying  the 
objeota  of  the  Society  into  full  aud  complete  effect,  and  )ianicularly  (and 
without  ita  being  intended  hereby  to  jirejndice  tlie  foregoing  generality), 
to  make  Bye^Iawa  for  all  ot  any  of  the  purposes  bcrcinaftor  mentioned, 
thai  is  to  any:  for  fixing  the  number  of  Vic>e-Pr«eidvuta,  and  the  ooraber 
of  Members  of  which  the  Council  aUall  cunuat,  and  the  manner  of  ejecting 
the  Preaidcut  and  Vicc-Prcsidcnta,  aiui  other  lirembera  of  the  Conncil, 
■nd  the  period  of  their  continuance  in  office,  and  the  miu]ni.'r  and  time 
of  anpplyisg  any  rocaiHT'  therein  ;  and  for  regnlating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  dull  bo  held, 
and  fhr  convening  the  same  and  rrgubting  the  pn^oxxlings  thenat,  and 
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for  regnlatiDg  the  manner  of  Admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  pcnaltira  for  non-performance  of  anj 
snch  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annnl,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  rcpngnant  to  these  presents,  or  to 
any  of  the  laws  of  onr  Bealm.  Akd  we  do  further  will  and  declare 
that  the  present  Kales  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered 
by  a  General  Meeting,  provided  always  that  the  present  Rules  and  Rcgu- 
lationa  of  the  Society  and  any  futore  Bye-laws  of  the  Society  so  to  be 
made  ta  aforesaid  shall  have  no  force  or  effect  whatsoever  until  the  same 
shall  have  been  approved  in  writing  by  our  Secretary  of  State  for  the 
Home  Department.  In  witness  whereof  we  hate  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Ourself  at  our  Palace,  at  Westminster,  this  28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Oommand. 

CARDBW. 


THE  NORTH  OF  KNGLAND  INSTITUTE 
ov 

\G  AND  MECHANICAL  ENGINEEliS. 


BYE-LAWS 

PA8SBD  AT  A  OENERAL  HBETING  ON  TIIR  lATH  JUNG,  1877. 


I. — ^The  memben  of  the  North  of  Englatu^  Inntitutc  of  Mining  and 
MucluuiicaJ  K[)){iDeera  shall  consist  of  fi)ur  clasticA,  viz.: — Oii^innl  Mem- 
here,  Ordinary  Mcmbera,  Aiu»LH:iaU]  Memben,  mid  Uouuraiy  Mumbont, 
with  a  duH  of  Snidonts  attached. 

i. — Ohjoikal  Mbmbera  sliiiU  1)e  Lhunc  who  n-erc  Ordinary  Mcmhcra 
oil  llic  l8t  of  August,  1877. 

S. — OBDnfART  Meubebh. — Krury  candidate  for  admission  into  the 
daffi  of  Onlinary  Mcmlxire,  or  for  transfer  iiiUt  blml.  elans  nhall  come 
within  the  f(>lIoiviiig  conditions : — Ue  ehall  Iw  iiiorc  than  Lwvnt^'-eight 
jean  uf  age,  have  been  regnl&rly  educated  as  a  Mining  or  Mechanical 
Engineer,  ur  iu  »ime  other  recogniswil  hrajirh  of  Kn^infering,  according 
to  the  usual  routine  of  pupilage,  and  hare  hnd  giihscqucut  cmplo^incnC 
for  at  leant  fire  jcare  in  some  re«pnneib1c  sttnution  as  an  En^uecr,  or 
if  he  has  not  undergnne  the  OBual  routixie  of  pupdagc,  ho  must  have 
IMnctiKd  on  Ills  own  tv.-ojunt  in  the  profctwion  of  an  Kcigineer  for  at  Imtat 
five  ye&n,  and  haro  tuiquircd  a  conaidcrabic  dcgrt-c  of  eminence  In  the 
same. 

4.— Associate  Msmbbbs  Bhall  bo  pcraon«  pmcliainB^  as  Mining  nr 
Meclianical  Engineers,  or  in  aome  other  reoognietd  branch  of  Engineering, 
and  other  persona  connected  with  or  interested  in  Mining  or  Engineering. 

5. — HoNOHARY  Membrrh  shall  be  perstius  who  hove  dtBtiiignished 
themselves  by  their  literary  or  BcicuLific  attainmenta,  or  who  have  made 
important  eoramunications  to  the  Society. 

6. — fjtudeote  eliall  be  pei-sona  who  are  qunlUying  themselves  for  the 
profcsdon  of  Mining  or  Meehiuiieal  Engineeri[ig,  or  eomn  other  of  the 
TeoogQieetl  braneht^  of  Knginccring,  and  such  ]»n)ons  may  voutimio 
Students  until  they  attain  the  age  of  twentythrec  yearn. 
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7.— The  uuijiial  Hubticription  of  each  OrigiiiiU  Muiuber,  and  of  each 
Ordinary  Member  who  was  a  Student  on  the  1st  of  Aagust,  1677,  shall 
be  £3  36.,  of  «ach  Ordinary  Member  (except  as  last  mentiouvJ)  £3  Sa., 
of  each  AmocUitu  Member  £-2  Sis.,  and  oteach  Stndeut  £1  la^  payable 
in  idvanoe,  and  ahall  he  oonBidered  dac  on  election,  and  afterwards  on 
the  first  Sftturday  in  Aaguet  of  each  year. 

8. — Any  Member  may,  at  any  time,  uuaponnd  for  nil  (bture  Kubscrip- 
tions  by  a  payment  of  £i5,  where  the  annual  snhacriplion  is  £3  88., 
and  by  a  payment  of  £20  where  the  atmual  sulwcnptioQ  is  £2  2b.  All 
pen»Q8  80  compounding  shall  be  Original,  Ordinary,  or  ABBOciate 
Members  for  life,  na  the  coae  may  he  ;  bat  any  AfuaociaCe  Member  f(>r  life 
who  may  aU^rwardif  desire  to  boc')me  an  Ordinary  Member  fur  life,  may 
do  80,  after  being  eloeted  in  the  manner  described  tn  Byc>law  18,  and  on 
pBjrment  of  ihe  fmther  sum  of  £&. 

9. — Owners  of  Collierie«,  Engineers,  Mannibctw^n,  and  Bm[doyen 
of  lobonr  ^nerally,  may  aubecribc  Hnnually  to  the  Amds  of  tlie  lustibite, 
and  each  snch  Eubturiber  of  £2  in.  annually  shnll  l)e  entitled  to  a  ticket 
Co  admit  two  penoiu  to  the  rooms,  library,  me^'tings,  lectnres,  and  public 
pnKwvdings  of  Uic  Society  \  niid  for  every  addiliunal  £2  2s.,  subscribed 
nnnnally,  two  other  penona  shall  be  admissible  Dp  to  the  niunber  of  ten 
pemouH  ;  and  each  such  Subscriber  shall  also  be  entitled  f.ir  ejich  £2  2b. 
BubBLTiptioD  to  hare  a  copy  of  the  Proceedings  of  the  lufitituienent  tohiro. 
]0. — In  case  any  Member,  n-ho  has  been  long  dtstinguished  in  his  pro- 
tenonal  cancr.  becomes  unable,  from  ill-health,  advanc-etl  age,  or  ocber 
Biiflicient  cause,  to  coiry  on  a  Incrative  pi-aetioe,  tlio  0<jiincil  may.  on  Uu 
rcpnrt  of  a  Snb-Committoc  appointed  for  that  purpose,  if  they  find  good 
resson  for  the  remission  of  the  annual  sabscription,  so  remit  it  Thdj 
may  also  remit  any  anvan  whi<  h  are  due  from  a  member,  <tr  they  may 
■Goept  from  him  a  collevtioii  of  books,  or  drawings,  or  models,  or  other 
oontribations,  in  lieu  <^  the  compcsttioti  mentioned  in  Bye-Uw  A,  and 
inqr  thereupon  constitute  him  a  Life  Member,  or  permit  him  to  resume 
hii  fbrmer  rank  in  the  Institutv. 

11. — Peraons  desirons  of  becoming  Ordinary  MemlKtrs  shall  boiiropoaBd 
and  recommended,  according  to  the  Form  A  in  the  Appendix,  in  which 
Ibrm  tlio  name,  usnal  ivsidem-c,  and  qaaliUiAtions  of  the  candidate 
sliall  be  distinctly  specified.  This  form  must  be  ngned  by  the  propoasr 
and  at  least  live  other  Members  certiiying  a  personal  knowledge  of  tbs 
candidate.  The  pmjxisat  so  made  lieing  delivered  Ut  the  Soeretary.  ihall 
be  anhmitted  to  the  Council,  who  on  approring  the  qtialffioUionB  shall 
determine  if  the  cnndidatc  is  tobcpnssoutttit  rorbolloi,  ondifit  issodcler- 
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mined,  the  Chairman  of  the  Conncil  shall  aign  luch  ftpprobation.  The 
Mme  ehftU  be  read  at  the  next  OriliDarv  UeDeral  Meeting,  and  aftervardx 
be  placed  in  mum  oocupicuoiu  Biltuitiun  until  tbe  fbUoving  Ordinarj 
Goneral  Ikleeting,  when  tbe  candidate  shall  be  balloLwl  for. 

IS. — Pcrson-s  deeirotLs  of  being  admitted  into  the  Institute  as  Anociate 
Meoibeis,  or  Stndcnta,  shall  be  prqKMed  bj  three  Memhen:  Honorary 
Momlnra  sliall  be  |«tiiMiaed  bjr  at  loa&i  Hve  Membcn,  and  stiall  in  addition 
be  rcoammended  hjr  the  Oouneit,  who  slinll  iilihi  have  the  poirer  of  dciintng 
Um  time  during  irbicb,  and  the  circ-amstances  under  which,  they  Hhall  be 
Honorary  Hembcre.  Tito  uominatiou  shall  Ix  in  writin^%  and  signoil  by 
the  propoecra  (aocordiDg  to  the  Form  H  in  tlic  Appendix),  and  itlinti  he 
■ahmftted  to  the  first  Ordinary  Oeni-rftt  Meeting  ftftt-r  tlic  date  thereof. 
The  name  of  the  person  proposed  shall  be  exhibited  in  the  Society's  room 
until  the  next  Ordinary  General  Meeting,  when  the  candidate  shall  be 
balloted  for. 

13. — Associate  Membeis  or  Students,  desirous  of  becoming,'  Ordinary 
Members,  shall  be  proposed  and  rcounimended  according  to  the  Form  0 
fo  the  Appendix,  in  which  form  the  nnme,  usoal  residenoe,  and  qtmliB- 
cations  of  tbe  candidate  shall  be  digtinctly  specified.  This  form  miut 
certify  a  personal  knowledge  of  the  candidate,  and  he  signed  by  the 
proposer  and  at  leuAt  two  other  Membem.  and  Lite  proi>osal  sliall  then 
be  treated  in  the  mimner  doacrilted  in  Rye-law  11.  Students  may  become 
Associate  Members  at  any  time  after  attaining  the  age  of  twenty-tlirea 
on  payment  of  an  Associate  Jlcmber's  Bub(«rripuun. 

U. — The  balloting  shall  be  c-jnducied  in  the  following  manner : — 
Each  Member  attending  the  Meeting  at  which  a  ballot  is  to  take 
I^Aoe  shall  be  supplied  {*m  demand)  with  a  list  of  the  namea  of  the 
pornons  to  he  balloted  for,  according  lo  the  Form  D  in  tliu  Appendix, 
and  shall  strike  out  the  names  of  audi  candidates  as  he  desires  shall 
iiot  be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the 
presiding  Chairman  for  the  purpoei',  and  such  scrutineers  aholl  examine 
tJie  lisU  BO  returned,  and  infunn  the  meeting'  what  elections  have  l)een 
nude.  No  candidate  shall  bo  elected  unless  he  secures  the  votes  of  two- 
thirds  uf  the  Members  voting. 

If). — Notice  of  election  fOiall  he  sent  to  every  pcnon  within  one  week 
after  his  election,  according  to  the  Form  E  in  the  Appendix,  enclosing 
at  the  same  time  a  copy  of  Form  P,  which  shall  be  returned  by  the 
person  elected,  signed,  and  aeeompantud  with  the  amount  of  his  annual 
subscription,  or  life  eompoAicion,  within  two  months  from  the  date  of 
such  election,  which  utberwise  should  become  void. 
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1 6. — Every  Ordinary  Member  elected  having  signed  a  declaration  in 
tbe  Form  F,  and  liaving  Ukowiiiu  tuade  tliu  proper  pajment,  sboU  rewire 

certilicnto  of  hifi  clvotioQ. 

17. — Any  ponon  whoee  anfaocTipition  is  two  years  In  anear  ahall  be 
reported  to  the  Cuundl,  who  shall  direct  application  to  he  made  fur  it, 
according  to  the  Form  0  in  the  Ap[)eiiiiix,  aiid  in  the  erent  of 
ila  oontinning  one  month  in  arrcur  after  such  application,  Ibe  Council 
shall  have  tlie  power,  after  remonstrance  bj  tetter,  according  to  tbe 
Form  11  in  the  Appendix,  of  declaring  that  the  defaulter  has  ceased  to  tw 
a  membcT. 

18. — In  case  the  expulsion  of  any  person  shaU  be  judged  expedient 
bj  ten  or  more  Ihlembers,  and  they  think  fit  to  draw  np  and  ligD 
a  proposal  requiring  snch  expuUiou,  the  same  being  delivtred  to  the 
Secretary,  shiill  be  by  him  laid  before  the  Council  for  consideration.  If 
the  Conncil,  after  dno  inqniTj,  do  not  Snd  reason  to  concm"  in  the  pro- 
poaol.  uu  entry  thereof  shall  be  made  in  any  raiuntes,  nor  shall  any  public 
diacussion  thereon  be  permitted,  anies  by  requiidtion  signed  by  une-half 
the  Members  of  the  Inittitulc  ;  )»it  if  the  Conncil  do  find  good  reason 
for  the  proponed  expnUion,  they  ftholl  direct  the  Secretary  to  addrea  a 
letter,  accurdiu<:  to  tbv  Form  I  in  the  Appcudiz,  to  the  person  proposed 
to  be  espc-licd,  adviiiing  him  to  wnthdraw  from  the  Institute.  If  ihafc 
advice  bo  followed,  no  entry  on  tlie  minutes  nor  any  public  discuMlun  on 
the  subject  ahoU  be  permitted  ;  but  if  that  advice  be  not  follov~ed,  uor  an 
explanation  given  which  is  sattafactory  to  the  Council,  they  fduUI  call  a 
Qeoenl  Meeting  for  tlie  purpose  of  deciding  on  the  question  of  cx- 
puisioa :  and  if  a  majority  of  the  p^'sons  present  at  sach  Meeting 
(provided  the  number  so  present  be  not  lees  than  forty)  vote  ttiat  sucli 
perHNi  be  expelled,  the  ChHJnnan  of  that  Meeting  shall  declare  the 
tame  accordingly,  and  the  Hecrctoiy  shall  communicate  tbe  same  to  tho 
person,  according  to  the  Form  J  in  the  Apin^udix. 

19. — The  Offloen  of  tbe  Institntc,  other  thou  tlio  Treoaurer  and  the 
Secretory,  shall  be  elected  fhun  the  Original,  Ordinary  and  AMOciate 
Uembon,  and  shall  oonsist  of  a  President,  six  V)ee-I*rcsident«.  and 
eighteen  Councillors,  who,  with  the  Trcaaurcr  and  the  Secretory  (if  Mem- 
bers of  the  Institute)  shall  constitute  the  Council.  The  Prcsiclcni,  Vice* 
Presidents,  and  Counciltora  sliall  he  dccted  at  the  Annual  Meeting  Jo 
August  (exoepi  in  cases  of  raceiicies)  and  shali  be  eligible  fur  rc-electjoii, 
witli  the  exoepUoD  of  any  President  or  Vice-Prceident  who  may  have 
held  oflke  ftr  tbe  three  iniiacdiatoly  pnoeding  years,  and  anch  six  Cotm- 
oiQon  OS  may  have  attended  the  fewest  Conncil  Meetings  during  the  past 
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-;  but  such  M«mb««  ehall  be  eligible  for  re-electioo  alter  being  one 
jcor  out  of  office. 

20. — The  TrcoanrcT  and  the  Secretary  shall  Iw  ftppointcd  by  the 
OoondJ,  and  shall  be  removable  by  the  Coancit,  lobject  to  appeal  to  a 
Oeneral  Meeting'.    One  and  the  eatiie  }>ersi>[i  may  hold  both  tliefie  offif^a, 

21- — Each  Original,  Ordinary,  and  AssnciDtc  Member  aholl  be  at 
liberty  to  nominate  in  nritin^',  and  send  to  the  Secretary  not  leea  Ihaa 
eight  days  prior  to  the  Ordinary  Qenend  Meeting  in  Juqc,  a  list,  duly 
s^;necl,  of  Mcinlters  etiitable  to  fill  the  offioca  of  Pn<t>ident,  Vioe-Fn»ident8, 
and  Members  of  Cmmcil,  for  the  cnniiing  year.  The  Council  Rhall  prepare 
a  list  of  the  persons  w  nominated,  together  with  the  name*  of  the  Officer* 
for  the  ourroiit  year  elj^ilile  lor  re-election,  end  uf  Buoh  other  MeinlxTS  as 
they  deem  suitable  for  the  vnrioTia  officcfl.  Sncli  list  shall  oomprisc  the 
natcies  of  not  tc«8  than  thirty.  The  list  so  prepared  V'y  the  Council  sliall 
be  snbmittcd  to  the  General  Meeting  la  June,  and  shall  tw  the  balloting 
list  frtr  the  annual  election  in  An^^nst.  (See  Form  K  in  the  Appendix.) 
A  copy  of  this  list  shsJl  be  posted  at  leMt  seven  day»  previoua  to  the 
Annual  Meeting,  to  every  Original,  Ordinary,  and  AMotiato  Member ;  who 
may  erase  any  name  or  namee  from  the  list,  and  Kuhotitnie  tlic  name  i>r 
names  of  any  other  person  or  persons  eligible  for  each  respective  office  j 
bnt  the  number  of  persona  on  the  list,  after  BTich  erasore  or  subslitntiou, 
mnst  not  exceed  the  number  to  be  elected  to  the  rcsjicctivc  offices.  Papers 
whidi  do  not  »xord  with  theae  directions  shall  be  rejected  by  the  scruti- 
neers. The  Votes  for  any  Members  who  may  not  be  elected  President  or 
Vice-Prc8ideut»  fihall  count  for  tliem  as  MemlK-'nt  of  the  Coimcil.  The 
Obairmon  shall  api>oint  four  Bcmtinrcra,  who  shall  receive  the  balloting 
papers,  and,  after  making  tfae  necessary  scmtiny,  destroy  the  same,  and 
sign  and  hand  to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting 
paiiers  tuny  be  returned  through  the  post,  addressed  to  the  Se»;retary,  or 
be  banded  tn  him,  or  to  the  Chairman  of  the  Meeting,  bo  as  to  be  received 
before  the  appointment  of  the  RcnitinevrB  for  Uw  ulection  of  OfH«;rB. 

22. — In  case  of  the  dwioanc  ftr  refiigimt-ion  of  any  Officer  or  Offioers, 
the  Council,  if  they  deem  it  requisite  thnt  the  vacancy  shall  bo  filled  np, 
shall  present  to  the  next  Ordinary  Oeneral  Meeting  a  list  of  persons  whom 
they  nominate  as  saitfible  frir  the  vacant  oiHeeg,  and  a  now  OfTlwsr  or 
Officers  phall  he  eleclfd  at  the  fliicccedlng  Ordinary  General  Meeting. 

2S. — The  PrcBident  Hhall  take  the  <^ir  at  all  meetings  of  the 
Institute,  the  Coundl.  and  CummiLtecB,  at  which  he  is  present  (he 
being  ex-ogieio  a  member  of  atlj,  and  shall  regulate  and  keep  order  in  the 
proooedtngs. 
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S4. — In  the  absence  of  the  PFcei^ent,  it  shall  bo  the  daty  of  the 
Knior  Vioe-Prwident  present  to  preniile  at  the  roeetinpa  of  the  Institute, 
to  keep  order,  ami  to  regulate  the  proceed  JagB.  In  case  of  the  sbacnca 
of  tha  PreBiticnt  and  or  all  the  Vioc- Presidents,  the  meetmi^  may  elect 
aXLj  Member  of  CouDcil,  or  to  case  of  their  abwuce,  any  Member  preaent, 
to  take  the  chair  at  the  mcctlDg. 

26. — The  Council  may  appoint  CommitteM  for  the  pur|)Oie  of  traiinet- 
in^any  particnlftr  hnnincw,  or  of  invest  igatitifj  specific  subjects  oonnected 
vitb  the  objects  of  the  Iti&titnte.  Such  Committees  shall  report  to  the 
Council,  wh<i  kIikII  net  thereon  aa  they  see  occasion. 

26. — The  Treasarfr  und  the  Bccrctiuy  shall  net  nnder  the  direcHoD 
and  oontrol  of  the  Council,  by  which  body  their  duties  ahidl  from  time  to 
tiBW  be  defined. 

27. — The  Funds  of  the  Society  shall  be  deponted  in  the  hands  of  the 
Treasurer,  and  sUali  be  diabut«ed  or  invented  by  him  according  to  the 
direction  of  tlic  Ooancil. 

28. — The  Copyright  of  nil  papere  oommnnicaUvl  to,  and  aooepted  Ibr 
printing  by  the  Council,  and  printed  within  twelve  monthn,  shall  hecotiM 
Tested  in  the  Institute,  and  such  communicAttone  shall  not  be  jiublislied 
for  nle  or  olitervise,  without  the  written  permission  of  tJic  Oouncit. 

20. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Satorday 
ofeveiy  month  (except  January  and  July )  at  two  o'cUick,  unless  othcnrtse 
determined  by  Ihe  Council ;  and  the  Ordinary  General  litecting  in  the 
month  of  Angust  shall  be  the  .Annual  Meeting,  nc  which  n  report  of  the 
proceedingit,  and  an' abstract  of  the  accounts  of  the  previous  year,  ahaU 
be  pnaented  by  the  Council.  A  Special  GenemI  Meeting  aball  be  called 
whenerer  the  Council  may  think  fit.  and  also  on  a  r«iuisition  to  tho 
CooncQ,  signed  by  ten  or  more  Membore.  The  bagiuess  of  a  H|'ecial 
Meeting  shall  be  confined  to  that  specified  in  the  notice  convening  it. 

80. — At  meeiingv  of  the  Council,  five  shall  be  a  quorum.  The 
minutes  of  the  Council's  proceedings  shall  lie  at  all  times  open  to  the 
ittspeotiou  of  the  Members. 

81. — All  Past-Prcsidenta  shall  bo  la-ejicio  Members  of  tbc  CounoO  eo 
long  as  they  continue  Members  of  tht*  tnstiiule,  nnd  Vice-Presidetita  who 
have  not  been  re-elected  or  have  become  ineligible  from  bantig  held  ufiice 
for  three  oooaocntiTe  yean,  shall  be  er-officio  Members  of  the  Cooncil  for 
the  following  year. 

82.— Every  question,  not  otberwiae  provided  Ibr,  which  shall  come 
btftm  any  Meeting,  shall  be  decided  by  the  Totei  of  the  majority  of  the 
Original,  Ordinaiy,  end  Aaociale  Men^Kia  tben  pmsot. 


83. — All  pa|*ni  rHbII  be  sent  for  the  approvnl  of  the  CVinnril  at  leart 
twelve  da)-8  before  a  GeQenJ  Mettinpr,  ami  after  flpproval,  sliall  be  read 
before  the  Inatitiitc.  The  Coancil  phail  nlao  direct  whether  anj  pujier 
read  before  the  InBtittite  ahall  \tc  printiHi  in  the  TntnsactioDs,  nnd  notiuc 
ihsU  be  given  to  the  irriter  vitliiu  one  mouth  alter  it  haa  been  read, 
whether  it  is  to  be  priiitecl  or  not. 

34. — All  pmofk  of  re|>ort8  of  diKOBriou,  forwarded  to  Hcmbcni  for 
correction,  mtist  l)e  rettimed  to  the  Secretary  within  seven  daja  fhro  the 
date  of  llieir  receipt,  otlierwiac  the;  will  be  coneidcrcd  correct  and  bo 
printed  off. 

85.— The  InBtilnte  \»  not,  aa  a  body,  renponsible  for  the  frtatcmon(« 
and  opiliioafe  advanced  in  the  papers  which  may  be  read,  nor  in  the  di»- 
oualoBS  whidi  runj  take  plwv  at  the  meetiDgs  of  the  Institute. 

36. — Tvelvc  copiefl  of  each  paper  printed  bj  che  Inntitute  *hall  be 
pneented  to  the  author  for  private  ose. 

S7. — Members  elected  at  any  meeting  between  the  Annual  Meetings 
shall  he  entitled  to  all  pi^rs  issued  in  that  year,  so  soon  ob  they  hare 
signed  and  returned  Form  F,  nnd  paid  their  8ub»criptions. 

38. — The  TrHnfiuctiuns  of  the  limtituto  kIibII  nut  be  forwarded  to 
Members  vi\\\m  snlmrriptimia  are  more  than  one  year  in  iirrear. 

Sft. — Xo  duplicate  copies  of  any  pc»rLioiv  of  the  TraiieacHonB  shall  be 
issued  to  any  of  the  Members  unless  by  nritti-n  order  from  the  Council. 

40. — ^InTHatioiu  shall  be  forwarded  to  any  person  whose  presence  at 
the  diecnesions  the  Oonncil  may  think  adviitable,  and  stnuigere  bo  invited 
shall  be  permitted  to  take  port  in  the  proceedings  but  tiut  Co  vote.  Any 
Member  of  the  Institute  ehull  also  have  power  to  introduce  two  BtmnKcra 
(tee  Form  L)  to  any  General  TkteeCin}:;,  but  they  shall  not  take  part  in  tho 
proceedings  except  by  pcrmiaeiou  of  the  Meeting. 

41. — No  alteration  sliall  bo  made  in  the  H^x-dtiiwu  of  the  Institute, 
except  at  the  Annnal  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  Bilch  alterution  elmlt  be  annrninced  at  a 
previous  Ordinary  Mcctitig,  and  inBt'rted  in  itA  minutes^  and  aindl  he 
exhibited  in  the  room  of  the  Institute  fourteen  dap  previous  to  such 
Aunoal  or  Special  Meeting,  and  sudi  Meeting  sliall  have  power  to  adopt 
iny  modificatjoii  of  sndi  proposed  alteration  of  the  Bye-laws. 


Approved, 

R,  ASSHETON  CROSS. 


Whitman, 

9md  Jmlf,  tsn. 
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APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Cliristian  Niuno,  Surname,  Oocii|Hiti<iii,  and  AdclrMB  In  ftiU}, 
being  npiTftrdH  of  twcnty-oiglit  ycare  of  Rgc,  and  dmtiroiu  r»f  l»inj»  elected 
an  Ordinary  Member  of  tlic  North  of  Ent;laiid  InstitutA  of  Mining  and 
Mechanical  Engineers,  I  rocommond  liini  frnni  pnmnal  hvneUdgt  va,  a 
person  in  cTcry  rcapect  wortliy  of  that  diBtitiotion,  bccatiBe — 

[B*rt  tpreify  Jittiiurtljf  U«  qtttU'Jt^raliont  of  lit  Camdidait,  aeeonlimg  to  l\*  fpiril 

^Sgt-Um  3.} 

On  the  above  groonds,  I  beg  learo  to  propoao  him  to  the  Council  m 
a  proper  person  to  be  udmiitcd  on  Ordinary  Hcmbor. 

Signed Uemher. 

1>ated  tbia  day  of  18 

We,  the  iindorwgnod,  cnnair  in  the  above  recommendation,  being 
convinced  that  A.  B.  ia  in  every  nxpect  a  proper  p«noa  to  be  admitted 
an  ordinary  Member. 

rsoM  rnsovAi.  xkowudok 


Five 
Members. 


The  Council,  Iiaring  conndered  the  aljove  recoDunendation,  prenot 
A.  B.  to  be  balloted  for  u  a  of  the  Noriii  of  England  lustitate 

ofUinlng  and  Mwhanical  Knfrinecra. 


T>ate<l  this 


Signed, 
day  uf 


^Cbainnon. 


IS 


civ) 

[FORM  B.] 

A.  B.  [Christian  Name.  Siirmm«,  Occupation,  ond  AddresB  in  full]. 
bdng  deeirauB  of  (ultnisaiDD  inUi  the  Xorth  of  Bn^laml  InatiLatc  of  Mining 
and  Mechanical  Kngine«r»,  it«,  the  nnderBigned.  pTO|>oac  and  recommend 
that  he  shall  become  [an  Honorary  Alembor,  or  an  Associate  Member,  or 
a  Student]  ihcreof. 


Throe* 

Hemben. 


■  If  Kn  Ilonomi7  Meiolwr,  flro  dsniitaTVi  wv  oKvmmrr,  uid  tho  foOowiii^ 
Fom  Euiut  be  filled  in  br  ttie  CouncU. 


Dated  this 


day  of 


18 


CZb  t^JUI^J  my  by  tit  CWm^/.] 

The  Council,  harini;  considered  the  nboYc  recommendation,  present 
A.  B.  to  he  balloted  for  iw  an  Hnnorary  Member  of  the  North  of  England 
Institutcof  Mining  and  Mechanical  Rnginoers. 

Signed  Chairman. 

Dated  day  of  18 


[FORM  0.] 

A.  B.  [Chriatian  Narac,  Siimumc,  Occiipntion,  and  Addrcta  in  fiill], 
being  at  [ireaent  a  of  tho  North  of  England  Institute  of  Mining 

and  Mechanical  Enginpcra,  and  upwards  of  tuveuty -eight  j*ear8  of  age,  and 
being  desirous  of  iKuumin^'  an  Onliuury  Mt-mliiTof  thf.  siiid  Inetibute,  I 
recommend  him,  iVora  fytnonat  knotcltilge,  as  a  person  in  every  respect 
worth;  of  that  disliuL'tiou,  because— 

[B»r«  ipecify  dittimcttf)  tkt  {^ualificalioan  of/An  CaadufaU  aeeordimj/  tO  tht  wpirCl 

of  Hgfi-law  a.] 

On  the  above  grounds,  I  beg  k>avu  tu  propoDu  him  to  the  Council  as 
a  ppfiiier  person  to  ha  ailniittetl  an  Ordinary  Member. 


Signed 


.Homber* 


Dated  this  da;  of  18 

We.  the  undcrai(:ned,  concur  in  the  above  reoomtnendation,  being 


1 


(Ivii) 

with  your  signntnre,  and  ttnti]  jour  Rnt  anntial  BiibKription  b«  \mi,  the 
amonat  of  wtiich  is  £  ,  ur,  nt  your  option,  tlje  lire-uomposttion 

or£ 

irthe  RibscnpCton  is  not reocivcd  within  two moatlulVam  tho  preaont 
date,  tbe  election  will  twoome  voi-d  under  Bye-law  IS. 

I  nm,  Sir, 

Tours  faithfiilljr. 

SecretM7. 
Diled  18 


[FORM  P.] 

I,  the  underaigncd,  bcinp;  elected  &  of  tho  North 

of  EugluQcl  liisti'LiitQ  uf  Mining  and  Mechanical  Knginwrs,  do  horvbjr 
agree  that  I  will  he  govcrnori  liy  the  Charur  ami  Bye-laws  of  the 
said  Instittice  for  the  Umo  being ;  and  that  I  will  adranco  the  objects 
of  the  Inatitnte  as  far  as  shall  be  in  my  power,  and  nill  not  aid  in  any 
tuiautboriaed  publication  of  die  ^n'oooedings,  and  will  attend  the  uteetings 
bbereof  as  uHen  as  I  conveniently  cnn ;  proridcd  that  whenever  I  slrnll 
signify  in  writing  to  the  Secretary  that  I  ant  dwirona  of  withdrawing  my 
name  tlierelVom,  I  ahall  (after  the  payment  of  any  arrears  wliiub  may  be 
due  by  me  at  that  period)  oeaae  to  be  a  ^tcmber. 

WiCocsB  my  hand  this  day  of  19 


[FORM  G,3 

SiH,— T  am  directed  by  the  Conncil  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Kiiffinwra  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  chat  tho  sum  of  £  of  your  annual 
aiibscriptions  to  tbe  fund^  of  the  Institute  remains  unpaid,  and  that  you 
are  in  consequence  in  aiTear  of  subscription.  I  am  also  directed  to 
request  that  yuu  will  cause  th[>  eame  to  be  paid  wiUiout  further  delay, 
otherwise  the  Council  will  }>e  nnilcr  tho  necessity  of  exercising  their 
disnretion  as  to  using  the  power  rested  in  them  by  the  Article  ^xivo 
refcnwl  to. 

I  am,  Sir^ 

Yoiira  fHitht\dly, 

Bet;retary. 
Pated  18 

A 


(IviU) 

[FORM  H.] 

firn, — I  am  directed  by  ihc  Coancil  of  the  Xorth  of  England  Institute 
of  Miuiiiff  and  Mecbanical  Engineers  to  inform  you,  that  in  conxrfinenrc 
of  noD'paymGtit  of  yocr  arrears  of  subscriplinti.  and  in  piirsuauw  of 
Bye-law  17,  the  Cotincil  hare  determined  that  unlcM  payment  of  the 
amoimt  £  is  made  pmrioas  to  the  day  of 

next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institate. 

But,  Dotwithatatiding  this  declaration,  you  will  remain  liable  for  pay- 
ment  of  the  arrears  due  IVom  you. 

I  un,  Sir, 

Yours  faithfully, 

Secretarj. 
Dated  W 


[FORM  I.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  InHtitnte 
of  Mining  and  Mechanical  Engineers  to  inform  yon  that,  upon  mntDre 
consideration  of  0  prfiposal  which  has  been  laid  before  them  rclalire  to 
yon,  they  fed  it  their  duty  to  advise  you  to  witlidraw  frtim  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  aooNdancc  with  Bye-law  18. 

I  am,  Sir, 

Yours  fiuthfuUy, 

Socrelar;. 
Dated  18 


[FOKJt  .1.] 

Str, — It  is  my  duty  to  inform  you  that,nndera  rvaolution  pamd  at  a 
^leoial  General  Meeting  of  (he  North  of  England  Institute  of  Utniog 
and  Uechanical  Enginconi,  held  on  the  day  of 

18       ,  according  to  the  pmvisions  of  Bye-law  18 
yon  have  oenaed  to  be  a  Memlier  of  the  Iniititntc. 

I  am.  Sir, 


Yoaii  fuithnjlj. 


Btcntarj. 


Dated 


IH 


[FORM  K.] 
BALLOTING     LIST. 


Ballot  to  take  place  at  the  Meeting;  of 


18 


at  Two  o'clock. 


PsKBiDBirT— OxH  Naki  only  to  be  returned,  or  tbe  vote  will  be  loat. 
President  for  the  current  year  eligible  tor  re-electioo. 

New  Nominations. 


ViCB-PfiBSiDBiTTa — Siz  Nakb8  Only  to  be  returned,  or  the  vote 
will  be  lost. 
The  Votea  for  any  Uembcra  who  may  not  be  elected  m 
President  or  Vice-Preudeuta  will  connt  for  them  as  other  Uembers 
of  the  Council. 


election. 


I 


Vice-Presidents   for  tbe    current  year   eligible   for  re-     § 


■  New  Nominations. 


Council — Kightsbx  Naubh  only  to  be  returned,  or  tbe  vote 
will  ho  lost. 


I  Members  of  the  Council  for  tbe  current  year  eligible  for     £ 
re-election.  H 


New  Nominations. 


Extract  from  Bye-law  21. 

Each  OriglDml,  Ordlnur,  and  Anoelate  Hembei  ihkll  be  rt  Ub«rtr  to 
DOnliuUe  in  wriUng,  and  aenil  to  Uie  Secretur  not  lea  tbui  eUbt  dus  prior 
to  the  Ordinarr  OeoEial  Meeting  Id  June,  a  list,  duly  ilcned.  of  MnDben 
niltabla  to  fill  the  Offices  of  maldeot.  Vice-PrMldectB,  and  Hembers  of 
Council,  for  the  eonijng  jear.  Tbo  Council  ahall  ^epue  a  list  of  the  pcnuiis 
■o  nomiuateil,  tofether  mth  the  oamea  of  the  Offioen  for  the  murent  rear 
oilgible  toi  le-deotion,  and  of  iDDb  otber  Memben  at  they  deem  lultable  tor 
tbe  TBiiooi  otBoca.  Such  list  ehall  comprise  the  names  of  not  less  than  thirty. 
The  list  so  wepaied  by  the  Ootmoll  iihal]  be  labmltted  to  the  Oeneral  Heetlof 
In  Jona,  and  shall  be  the  balloting  list  tor  the  aimaal  election  In  Augnat.  fBee 
Form  K  in  the  Appmdlx.)    A  copy  of  tbli  list  shall  be  posted  at  least  teren  daya 


Ox) 


pmrloui  to  (he  Anna*]  Heetins,  In  e*arj  Oricliu],  Ocdlnirr,  >nd  AMOoUte  MnDbM; 
wbo  mftT  enae  mnr  Duna  or  nmiDM  troin  the  lut.  Mid  autiMltate  Uie  nam*  or  DftmM  of 
•aj  other  penon  or  personi  eligible  tor  eeoh  reneotiTe  oOlce  ;  bnl  the  nninber  of 
neraona  on  the  llit.  ut«T  mch  cranire  or  (ulMltatloa,  mnit  not  exceed  the  nnmber  to 
beelectattotha  iMpeotlTeolHcei.  Paper*  wbieh  do  not  Mcord  with  theae  dlraetlons 
ahall  be  rejected  by  the  ffeiutineen.  lie  Totea  for  aaj  Kemben  wbg  maj  not  be 
alectel  Prmirlcnt  cir  Vice-Pnaldenta  ahBll  count  for  them  aa  Memtnn  of  the  OoundL 
The  ChuniiBu  iilikll  appoint  four  Bern tlneera,  who  ahall  reoHTe  the  baUloUu  pi^iCTB, 
and  after  makinv  the  nuoouaiT  ■outbir  ddatrar  the  aame,  and  lign  and  band  to 
the  Chairman  a  llat  of  the  elected  OtBcen.  The  bftUoUnf  papera  mur  be  r»- 
turned  thronsh  the  poat.  additaaed  to  the  Seoretarr.  or  be  handed  to  hun.  or  to 
the  Ohalrmao  of  (he  Meeting,  an  aa  to  be  reaalred  beton  the  appolnbuant  of  ttaa 
ScTUtlneen  tor  the  election  of  OSoan. 


Karnes  anbatituted  for  any  of  the  above  are  to  be  written  in  the  blaok 
■paces  opposite  those  they  are  intended  to  sDperaede. 

The  following  Memben  are  ineligible  from  canses  specified  in 
Bye-law  19  :— 

As  Pbbsidejtt „ 

As  Vrci-ParaiPBiiT 

As     CODHCILLOHS 


[FORM  L.] 

Admit 

of 

to  the  Meeting  od  Satorday,  the 

(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'CIock. 
I  undertake  to  abide  by  the  Regnlationsof  the  North  of  England  Institnte 
of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unaathoriaed 
puhlicatiuu  of  the  Proceedings. 

(Signature  of  Visitor) 
Not  traneferable. 


NORTH    OF     ENGLAND    INSTITUTE 


or 


MINING  AND  MECHANICAL  ENGINEEKS. 


OBNERAL  MBETINO.  SATUItDAY,  8EPTEMBEII  4th,  1880,  IN  THE 
WOOD  MEMORIAL  HALL,  HEWCASTLE-Ul'ON-TYNE. 


T.  J.  BEWICK,  Esq.,  in  thb  Chaih. 


The  Secbetary  read  the  iiiiniites  of  the  last  meeting  and  reported  tlic 
proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previonaly  nomi- 
nated : — 

AeSOCIATK  HsifBEB — 

Mr.  R.  \V.  C0OF8B,  Solicitor,  Ngwcmatle-on-Tyiiti. 

Stcuent — 
Mr.  Wh,  Tbovab  Cvrsy,  Wurdle;  Collier;,  Newcaatle-OQ-Tyae. 

The  following  were  nominated  for  election  at  the  next  meeting  : — 

ORSitrABY  Mbmbbb— 
Mr.  Wh.  Qbobqe  Laws,  Civil  Enipneer,  Ncwvaatle. 

AflsocuTB  Ubhbbb — 
Mr.  TnovAB  Abkold,  Mineral  Surveyor,  Louchor,  Glainorg*nihire. 

Studbkts — 
Mr.  ABTHtm  P.  tiALwar,  Towndey  and  Stella  Collieries,  Rjton-oii-Tyoe. 
Mr.  Hhnby  a.  Pbixolb,  LoftUouw  Minos,  Saltbum-by-the-Seo. 
Mr.  HB^BY  Tbmplb  Stobakt,  North  Bitchbam  Colliery,  Darliugton. 
Mr.  Thovab  Hbslop,  North  Bitehbum  Colliery,  Darlington. 


A  paper  "On  the  Kurhnrballee  Coal-field,  with  some  Remarks  on 
Indian  Coals,"  was  then  read  by  Mr.  Walter  Sajse,  D.Sc.  ([<ond.), 
F.G.S.,  F.C.S. 

A 


Touxxx^ueo. 


THE  KURHURBAIJ.KK  rOAT^FlEI.T),  WITH  SOME  IlEMARKS 
ON'  UiDlA^'  00 ALU. 


Bt  WALTER  SAISE,  D-Sc  (Lox».).  F.aS.,  K.CJ*, 
A«MXTiiiT« (ir  nil  KoVALftcnriiiLop  Mixti^  I<i>dok,  Amibtaiit  MAViiuaji  iir  EAn  IjcptAX 


fBiad  hy  prrmiuiom  of  IA4  IHrectort  uj  the  Ktut  Jadiam  JFal/najf  Compaiijf.J 

TiiB  Ejuit  Indian  Rnitway  Company  owne  the  (freater  part  of  this  co»]- 
ficld,  and  Lhb  writer  beiog  in  their  scn'icc,  and  hnviug  cutlectod  tlio  most 
of  the  information  uantained  In  the  followtng  paper,  iu  his  oiUciol  capanity 
as  their  scrvutt,  be  thought  it  ne<x«fAi7  to  obtain  their  conacnt  to  the 
publication  of  miitCer  which  alTfctd  them  morc  than  anvonc  el»>:  tlicir 
unction  wii*  nut  onl^'  clietrfiill}'  given,  hnt  every  afisistjinci;  was  rendered 
to  the  trritc-r  to  make  the  pap^^'r  &g  foil  and  complete  &b  pfiiwihle. 

The  riiily  literatiin;  im  thin  Rnl>jei,'t  with  which  ihe  writer  is  aeqimintcd 
is:— 1st.  Ad  excellent  memoir  by  Mr.  Theodore  Ilnghes,  ABSociatc  of  the 
Royal  School  of  Mines,  pubHshetl  in  Vol.  VII.  of  the  OeologJcal  Survey  of 
India.  It  gives  all  partieulnrs  chtainable  up  to  the  dnte  of  publication, 
!>.,  1871.  2nd.  A  very  elaborate  and  complete  mimogrnph,  hy  Dr.  Otto 
Feistmaiitel,  "  On  the  Flora  uf  tht*  Karbftrbari  Beds." 

The  writer  intends  in  tbis  paper  to  make  the  diagrams  tell  their  ovq 
tale  and  to  say  little  more  than  is  absolutely  neceeHLiy.  The  dia^rrnms 
have  been  prc|iared  witb  great  care,  and  will  givt;  a  cnmpruheiijuve  akctcb 
of  what  is  at  present  kuuvt'ii  of  the  lield. 

The  co»l-field  Ik  situated  in  the  diRtrict  of  Hanarittugh,  lietween  the 
parallels  of  8i;°  10'  und  8fi°  2A'  east  longitude,  and  of  24*  iC  and 
24"  14'  north  lntiLude.    (See  Plate  I.) 

It  is  within  24  milea  of  one  of  the  main  lines  of  the  Eiutt  Indian  Kuil- 
way  which  runs  from  Calcutta  to  Delhi,  and  which,  by  means  of  a  con- 
nection with  the  Great  Indian  FeninBiilar  Railway,  is  the  highway  to 
Bombay,  as  will  be  seen  by  reference  to  the  map  of  India. 

The  EttBt  Indian  Railway  runs  tbroiijjh  nnd  taps  the  Great  Rtiniganj, 
or  Katieegiiii{^-.  coul-field.  whicli  it  m  stated  haK  an  area  of  ^CIU  wjuaiy: 


TUE  KURIIimBAU,BE  COAI^FIWA 


miJefl.  Ftfly  mileo  beyuQd  (he  ICane^^nge  coal-field  there  is  a  braadi 
line  to  the  ICnrhurballoc  cool-flcld;  tho  atation  at  which  the  branch  IcavcR 
the  main  line  in  called  Mnddapore.  This  branch  line  ia  2S  miles  long, 
and  coiuUte  of  a  siuglu  mad  vith  pass-bjo  hues  at  the  two  itatiotiA, 
Jagndieptir  and  Mohearauiida.     The  terminal  station  is  called  Giridi. 

At  (liridi  two  branchee  rnn  to  the  collieries,  one  bmncb  g<^iing  (o  the 
Senunpore  (properif  Srirampur)  Colliery  estate,  and  the  other  to  the 
Ktirbiirlwlloe  CoUiury.  I'heKc  brauches  arc  shuwii  on  the  sketch  sartaaa 
map,  Plate  T. 

The  coal  is  loaded  by  hand  into  the  ooal  truclu,  which  are  OAiallj 
ourered  and  closed.  These  tmcks  arc  mcd  for  bringing  rice  and  other 
m«vbnnd)Zf  one  way  and  tokingooaltlic  other.  Thegaageortlicrailway 
is  six  feet. 

The  oonl-field,  which  has  an  nrca  of  about  1 1  aqnare  nailea.  all  of  which, 
however,  ia  not  productive,  with  a  greateat  length  of  six  mflei  and  a 
breadth  of  2},  ia  held  by  four  Companiea,  three  of  which  are  actively 
engaged  in  working  coal :  these  latter  are  the  East  Indian  Railway 
Company,  Brnsal  Coal  Company,  and  linnoegimgp  Ooal  AHaocialion. 

The  Kost  Indian  lUilwaypoaseascsscvoralwharrea  on  the  two  branches 
for  loading  their  coal.  The  Itengal  Cool  Company  and  the  Ranec^rnoge 
Coal  Ase4«latiitn  have  cadi  one  aiding  and  wliarf.  The  East  Indian  RoH- 
way  ooal  is  led  to  the  main  nharvi'S  by  tip  niiggt>us  mnuing  oa  a  metre 
gange  railway.  The  metre  gauge  railway  at  Kurliurballcc  ia  about  one* 
and-a-balf  miles  long,  uid  the  same  at  Hcramporcj  these  arc  marked  on 
the  BOrhce  map.  "Where  the  mines  arc  near  Ihe  whnrroH  the  coal  is  led 
in  the  ordinary  coal  tubs  (which  hold  th>m  Gve  to  scTcn  cwts.t  by  hand 
on  a  1  foot  it  inch  gnnge  railiit'ay,  or  by  bullock  eorts.  The  Baat  Indian 
Railway  Company  have  led  the  way  in  the  matter  of  leading  ooal  on  the 
surfaoe,  bnt  the  other  Companies  are  following  closely. 

The  Riinoegunge  Conl  AflBiidation  convey  their  coal  orer  a  1  f<Kit  9 
inch  gauge  railway  by  a  small  looomotivc,  and  by  ponies,  and  the  Bengal 
Coal  Comfjany  ore  LXMuiectiug  their  distant  mines  tu  Uie  railway  tiy  a 
irainway,  which  is  in  cfHirsc  of  construction. 

The  KnrhnrbaUec  coal*field  ia  one  of  the  oual*fields  that  lie  in  tJt« 
metamorphiu  higher  ground  which  rises  ont  of  (he  allnvial  flata  of 
Itfiwer  Bengal.  The  mean  height  above  the  sett  is  O&O  fcut,  aomc  of  the 
bills  of  bard  satidKtone  rising  lu  a  hoigbi  of  1,100  feet.  Aninnd  the  coal- 
field the  hills  uf  metaniorphic  rock  rise  in  isolated  peaks  as  high  u  l.tiOO 
fet-t:  while  the  I'aiaBuathi  the  sacred  hill  of  the  Jaiuo,  aiiwell  as  the  HUUI> 
Uirium  of  eulliery  offidalB,  loitera  to  a  height  of  4,471*  feet  above  ibe  aca. 


WITH  HOMB  nsaiABKa  ON  niDUH  fXIAUt.  0 

The  coal-field  lies  between  the  Otri  and  the  Banilcer,  of  which  the 
former  is  a  tribatflry.  Althongli  the  Osri  passes  within  a  mile  of  the 
nortbern  boundary  of  the  fieUt,  the  direction  of  drainage  is  tovrordB  tbe 
Barikar.  which  lies  Bpvcral  milca  further  from  the  c-oal-ficld.  The  force 
which  (letcrmini-d  the  iiiiti»l  dirt'ctioit  of  drainage  h»d  probably  Bome  con- 
nection with  the  fauttcd  and  distnrbed  boundary  on  the  north  of  the  field. 

The  oool-ftcld  is  drained  by  several  important  streams  or  *'  eahis" 
(pron.  Nullah)  which  are  named  in  (he  ninj'.  The  west  of  the  field  i« 
drained  by  the  Sooknid  and  Khakho,  which  are  supplied  by  amaller  ones 
called  the  Dhnrdhnrwa,  Slnt-kpitto,  and  Komersotc, 

The  centre  and  west  of  the  field  are  drained  by  the  Komaljore,  Pnth- 
nidiha,  Purtdiha,  and  Soni  NaloB,  which  nuite  with  those  from  the  weBt  of 
the  Held,  and  How  into  the  liunLkar. 

Dnring  the  rainy  season  these  "  nalaa"  are  goodly  strcamii;  during  the 
rest  of  the  year  they  aru  but  beds  uf  nand  in  which  water  may  bo  foood 
by  digpng  uoall  wells. 

The  yearly  rainfall  in  abiut  .V)  tnchen,  the  greater  portion  of  which 
falls  dnring  the  monLlia  of  July,  August,  and  Sepkinber,    ' 

Nowhere  has  the  writer  seen  the  degrading  action  of  rain  bo  well 
marked  as  in  India.  After  the  baking,  parching  hoot  of  the  hot  wason  has 
destroyed  alt  vegeUtion,  oud  the  ^>uud  is  cracked  and  bare,  doirn 
prmrs  rhe  ruin,  and  muddy  rivnlcts  collect  and  pour  into  a  crack  in  the 
ground,  which  rapidly  l>econit«  a  small  canon,  as  it  may  be  called,  the 
depth  depending  on  the  thickncHs  of  the  soil.  These  rivtilete,  or  aniall 
"WBterfalla,  collect  together,  and  become  at  last  a  roaring  "  nala,"  foil  of  the 
mud  that  it  has  coUectud  in  its  course.  The  ground  is  very  much  cut  up 
by  these  mrincft  or  imiTonM  in  Uk^  soil. 

The  loK  of  soil  in  this  way  in  nncuUivated  parts  must  he  very  great. 
Large  stones  protect  tlw  soil  immediately  beneath  tliem  from  the  carving 


of  the  rain,  and  it  is  not  nnoommon  to  see  nones  a  foot  or  bo 
in  diameter  standing  on  these  earth  pillars. 


A  THR  Kt'RUUIlBAI.I.P.R  COAIz-PFELn. 

The  height  of  these  pillars  In  a  measnremeTit  of  l-he  amount  of  denu- 
dation due  to  raJQ  in  thai  part. 

Tho  work  of  disiutei^tioii  ^om  on  iipaoi;  even  on  the  Imrc  rouks ;  ftcalcB 
become  detached  and  splintered  off  dnrinir  the  scorching:  heat  of  the 
flummor,  utid  t)ic  niitis  carry  these  Axu&y,  leai'iiig  t)ie  Itcavier  jtortioiiB 

TT»  writer  has  seen  large  oolloctions  of  wiitorHorn  [lebblefllyingonthe 
bare  rock.  The  rock  is  a  congloinnrntc,  and  the  inference  js,  Uiut  tha 
cncloeing  matter  has  hecn  carricil  away,  Icoriiig  the  pehhlcs  expneed. 

Another  featnre  very  noticeable  in  tlio  coal-field  is  the  lai^  number  of 
potholes  to  be  obeervcd  in  the  tracks  of  the  biU-torrcnt^  or  at  any  |)oint 
whore  a  fiircain  [laeBes  rai)idly  over  »  rocky  bed.  These  potholes  van*  ^m 
a  few  inche*  to  a  foot  in  diameter,  uud  tistially  wutaiu  the  pebble  wliich, 
under  the  twirling  action  of  the  waters,  has  drilled  the  holes. 

The  hills  in  the  coal-field  arc  fonncd  by  the  escarpment  of  hard  Iwds 
of  suulUone.     The  8t«cp  precipitotw  ndes  arc  those  ut  right  A»gte«  tM 
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the  dip,  aa  shown  in  th«  woodoat.  These  hlUs  arc  coreitKi  with  sparse 
VCf^Btation,  the  bnre  rucks  projecting  Llirouf^h  at  every  (nni.  They  are 
ooTered  by  a  slight  growth  of  acrub  jungle,  (he  oliif-f  tree  being  a  stmited 
iil. 

Th.^  stiroams  have  cut  this  escarpment  into  sevTrul  twilated  hills,  but  the 
genera]  fbatnrris  very  innrked,  the  (Urfpside  fncJnp'tho  north.  The  hard 
sandstone  hilU  dip  ultimately  under  the  richer  soil  of  the  plains.  In  the 
lower  porta  of  the  field  tho  Mango,  Tamarind,  the  Jack  tree,  tho  rcopu]« 
the  Bir  or  Hnnyaii  grow,  here  and  there  surrounded  by  plots  of  Indian  euro , 
(maixc)  and  the  picturM({ne  rilbtfirea  of  the  natives.  Whenever  the  water 
can  he  oangbt  and  spread  over  a  small  area  of  ground  the  frugal  niiti\-a 
culdTatea  his  rioe.  Theae  llule  patches  of  ground  are  plcntinil  near  the 
naliw,  or  in  the  conrsc  of  any  flow  of  water  which  ia  so  neoeaHuy  ia 
rice  oultivatiou. 

The  ooal-fidd  lies  in  a  baain  of  mctaniorphic  rocks  which  form  bd 
eesOy  reoogniuihle  boundary  when  exposed.    The  metimiorphio  nx^  i 
granites,  gneiss.  mioniTOus  and  cblontio  schists,  a:id  hornblende  rock,' 
The  granites  vary  from  [wgmatite,  or  fine  groined,  to  coanely  jH>rphyritic, 
in  which  the  crystals  ot  felsjuir  on;  uf  very  larin!  ciiv. 
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JllEMfif  Lnil>  uiidqturln  iveb  iu^raujl  llititM)  ruuk^     Tin-  tni|) 
wemieaoeoBB  niid  rrUimLhic,  and  extend  inbo  tho  oool-ficld  dnniagiiig 
•Mma  and  inurfcring  vrith  miaing  progrcas,  as  cbe  writer  iiriU  hereafter 
have  tu  DraiiUon. 

The  decomposition  of  ibc  mctamorplHC  rocks  goes  on  to  a  {frrat  depth. 
The  writer  siuik  a  well  in  tliis  componnd  4i>  feet  in  depth,  the  whole 
RHjuiring  uuUung  but  cbe  pick  and  shovel,  or  at  least  the  mttivcs'  sub- 
Bt.iliiir  Ttr  u  shovel,  viz.,  the  "khodilri"  or  "hue."  ThuB^-Lion  was  that 
of  a  solid  schijit,  and  yet  the  fragnietita  conld  l>c  a(|iioe3u:d  to  pieces  by  the 
hand,  the  grains  fnlling  into  coarse  latid  of  mica.  <|iiartz,  etc 

Prom  Iho  tnetaiiinrphiu  rocks  ournmiiding  tbu  tiold,  or  from  aotne 

similar  sotirco,  tht->  mntcrinis  which  went  to  form  the  nandittoncji,  c-onfflo- 

merutes  and  shalut  were  derived.     Tbe  Kuudstunes  are  ]M.i.'uliurly  fe]KpuLliic> 

cryatala  of  felspar  being  very  large  and  nearly  pcifect  ai  times.    Mico 

ire  in  the  Inminiu  of  the  Btmles  to  ii  large  extent. 

At  Kurhiirlmllee  and  JoKitan<l,  and  on  the  su.iuth  of  8enimi>ore,  in 

aome  places,  the  conglomeratic  san^Istonc  eoDtaius  broken  pieces  of  garnets 

Lriiowing  their  derived  natnre  from  pre-i:sisiing  inctaraorphic  rocks. 

The  loose  pebbles  fonnd  in  the  present  Btrcoma  of  the  coal-field,  of 
S^ranite,  gneias,  honiWende  ri»ck,  (|iifti-tz,  etc.,  are  similarto  those  found  in 
the  cou^Iomerutes  of  tJie  coal-nieadur.'S. 

The  base  of  rbe  ei.al-mca3nres  conwBts  of  a  series  of  strata  of  mnrlced 
chamcter  and  onproductix-e  of  coal.  They  ure  called  the  Talchir  Btries, 
Uic  ]jn>dactjve  meaaurcs  lying  on  cberii  l>eiug  ualled  the  Kiirharbari  beds. 
TlitBC  Talehir  beds  form  the  Kapcn-ell  Eock  of  this  conl-field,  and  wherever 
exposed  they  occupy  the  lowest  part  of  the  raeasurea. 

They  arc  exposed  very  unequaUy  over  the  coal-field,  [lartly  owing  to, 
first,  tlie  Knrbarburi  beds  ovcrliippiiig  tlieni ;  second,  to  the  Knrbarbari 
beds  being  faulted  agaiiii^t  the  metamorphic  rocks;  or,  third,  to  the 
thiuniog  out  of  the  Tuldiii'8. 

This  ffeatnre  of  the  thickeiming  and  thinning  out  of  the  ctial- measures 
is  v«7  noticeable,  und  points  to  a  limired  area  of  dfposition. 

The  uuprmUictivc  meiisures  conaist,  whereexjiused,  of  abuse  of  boulder 
conglomenite,  containing  vury  large  and  rounded  boulders  of  mttamorphic 
rock,  w  well  as  smaller  pebbles.  They  nre  cnntnined  in  n  fine  silt  like 
base.  AIkivc  these  come  bluish  white,  bluitih  green,  or  hrnwniah  coloured 
shales,  which  break  up  iuto  needles,  and  are  hf  uce  culled  needle  shales. 

In  lithological  characters  they  reminded  the  writer  very  mnch  of  the 
Uas  shales.  They  overlap  the  boulder  conglomerate  in  plai'trs  uh  is  shown 
b;  the  section  oei  the  next  ])age ;  this  soctioa  was  obtaiued  from  a  cutting 
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made  fur  th«-  parfwiie  nf  ilivcning  the  ooorae  of  a  Blrcaui  which  fluudei} 
a  miaa.  Tlic  Talchira  arc  sbuwu  on  the  snrfaoe  map,  Plate  I.,  which 
is  adapttiil  fmm  the  map  isuinl  hj  the  Geological  Surro;  of  India. 
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AboTo  the  meaaares  referred  to  uomc  t-lic  prodactivc  cool-meamrear 
with  which  tfiis  paper  hiui  more  pftrticularlv  an(1  exhiuJstiToly  to  deal. 

The  meoBarat  ooostat  chiefl;  of  sandiitone  nf  varying  texture  and 
atmctTirc,  with  oongtomerates,  shalot,  duns,  ami  (nal  Beams,  IkiI  with  no 
fire-clay  proper.  The  flo^r  ia  eithvr  Aandstfine  or  hard  Bhalo  in  every  cue. 
The  nndBtoncH  eaaily  wcalber  auil  are  tlicrcifure  n^ t  much  used.  Copiug 
BtoiKfl  for  tlic  platforina  of  Rtntions  tiavc  been  made  of  thein,  bat  thor  are 
not  of  good  quality. 

Near  the  base  of  iJie  prodactiTe  coal-m«wurc«  or  Karharbiri  beda 
cornea  the  lower  Hcam  (or  aeamB  Xoa.  1  and  J  of  the  Geological  Surrey). 
This  seam  or  groop  of  seams  pneeiils  very  diffurenb  (KKiionii  in  difiereni 
parts  of  tbe  coal'ficld,  na  may  be  seen  by  refvrenue  to  Phite  1 1 1. 

At  Knrhorbatlce  alone  ia  tJio  ap|wr  as  well  as  the  lower  diviaioo  worked, 
and  there  rmly  on  the  east  of  the  district. 

A2  the  upper  division  recedes  trom  the  lower  it  diminislice  in  thick- 
DBBS,  and  becomes  unworkable  i  the  Iiiwlt  bed,  however,  bcuomea  inoch 
thicker,  and  kas  itoney.  The  name  **loi\-cr  acam"  is  nsed  t/>  (.-oniprehcnd 
the  whole  of  tboM  two  main  diTisioos.  If  every  diriaiou  were  ereatcd 
bto  a  Boparate  scam,  it  would  canae  some  Ironblc. 

This  seam  hasathickneaiof  ?)  feet  ft-om  roof  to  flour  at  Ktu-borballee, 
bat  this  indades  a  great  deal  of  stone  and  shale  jiarting. 

At  Serarapon*  the  lower  land,  which  alone  is  worked,  vari«a  from 
11  ft«t  to  15  fe«t,  and  thcr^  are  indications  of  its  becoming  much  tbidnr 
towards  Ibe  soath'Cast. 

The  ineonatant  character  of  this  seam,  ai  regarda  thicSawaa,  Is  ir^ 
fllnstratcd  by  Plate  IV.  (section  of  the  k>wer  seam}. 

Tbe  quality  of  the  coal,  as  Ikr  as  its  cbeminal  ocanpositioa  is  oouienied, 
does  not  vary  much,  tliongh  in  physical  atmcture  it  alters.  In  some  plaooa 
being  very  hard  and  nibbly,  and  in  others  soft.  The  seam  extends  over 
aboat  eight  square  miles  t^  oonntiy,  five  of  whiob  belong  to  the  EaM 
Indian  Itailway  Company. 
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The  dingmmmnttc  iwctiotw  (Plate  H.)  will  show  tho  peolopcal  con- 
ditions nader  vhich  the  seams  vxiai,  and  thu  iiirfiice  ma|)  (Piste  1.) 
abonv  the  area  over  which  the  eeaaa  extend. 

The  c<MiUfie1d  is  divided  intn  two  iinoqiml  dirlgiotubf  ad  antich'nul,  the 
northtim  iK>i-tiort  iKing  a  semi-lwiin  of  small  size,  tlic  southern  portion 
fiinning  the  hirj^csc  ]tortiaD  or  the  field. 

The  upper  section  (aection  on  A  B,  Plate  II.  >  shows  the  ground  as 
pnii'ed  b_v  the  shaft«  thereon  named  and  fiifnied. 

South  of  No.  -II  shaft  ia  fimnd  same  Tault;  ground,  which  the  shall 
No.  2.'>  proves  ««  be  a  downthrour  south.  This  shnll  is  5l)()  feet  deep. 
FosBiiig  BOuth,  the  same  team  is  now  n'orkcd  hy  No.  '2-2  diall.  at  a  depth 
of  242  feet.  Farther  simth,  at  N<>.  I  (in  ehaft,  tlie  seams  were  worked  at  u 
moderate  depth  <«f  100  feet  or  chcrcal>out«,*  dipping  tu  tbo  ourth,  Iho 
workings  ending  aguiust  u  fault.  No.  IGa  shutl  has  l>e<.-u  sunk  245  feet, 
and  has  met  with  a  tliin  seam  70  feet  above  the  miiin  wma.  Tlie  axis  of 
the  synclinal  would  therefore  be  in  the  line  of  this  fault. 

North  and  south  of  this  section  are  the  metumoi'phic  rocks. 

The  evidence  from  the  section  on  A  B  has  been  used  Co  csplain  the 
observed  facts  colk'cted  from  boring,  irin!  shafls.  etc.,  in  otlier  parts  of  the 
coal'Held,  and  sectionn  on  C  D  and  K  P  are  the  resnlts. 

Taking  n  line  at  section  (C  D)  acroBs  the  centre  of  the  oout-ficld.  it 
will  he  noticed  thnt  there  i«  a  greater  extent  of  coal-measurcfl. 

The  liipher  and  more  hill}'  ground  that  this  sectir>n  paisen  through, 
the  greater  thickness  of  mviisurus,  on  aooount  of  its  being  the  coittro  of 
the  field,  allow  some  higher  w^ams  U)  c»ime  in,  <Topping  on  Bhaildoah 
Hill,  as  will  be  seen  <>n  the  $ii>:lvm. 

The  forcK  of  uphmval  whieii  brnught  up  the  metamorphio  rock  on  the 
north  of  section  A  B  haa,  in  this  part  of  the  field,  only  produced  an  antt- 
cUnal,  with  the  result  of  giving  a  larger  extent  of  coal  for  enterprise  and 
energy. 

The  section  on  E  F  shows  a  somewhat  similar  state  of  things.  The 
anttclinni  axis,  pn  itonged  into  the  meCamrjrphic  rocks,  and  a  small  basin  of 
unprodnctivc  coal-mea£urcfl.  He  to  tJie  north  of  ttie  pr^jductivu  coul-field. 

The  following  facts,  selected  from  a  multitude  of  examples,  will  show 
the  diflicnity  in  giving  one  general  section  of  Che  coal-lietd. 

Had  ihc  writer  atlcinj)ted  one  gt'iii-Tal  secLiou  only,  the  most  im- 
portant feature  of  the  field  would  have  been  overlooked,  viz.,  the  alteration 
of  thickness  of  seams  and  enclosing  strata. 
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denc«,  fVom  vhiuh  thcac  genera]  sectioBs  arc  obc&iQcd,  is  also  shovn  in  tlie . 
shape  of  pit  sections  or  sections  of  Ixnings. 

The  first  port  of  tbe  field  that  will  be  noticed  15  that  Ifing  north  of 
the  anticlinal.  The  BCBms  arc  here  faulted  and  disturbed,  the  dip  vuiying 
&WQ  a  few  degrees  to  30  or  35  degrees. 

The  section  on  C  I>  givwi  the  general  comliiions  nnder  which  the 
coal  seams  occur.  They  abut,  after  dipping  towards  the  north,  against  the 
metamorphic  rocks,  whit-h  form  the  boundary  in  other  pftrta  of  the 
field.  Tlie  Rtriko  of  the  scaniB  forms  a  semi-basiQ,  as  will  be  seen  by  the 
snrfecc  map.  The  fanlt  which  brings  np  the  metamorphic  rocks,  fonns 
the  northern  bonndary. 

On  the  eastern  iiido  of  the  field  there  is  a  mnch  larger  development  of 
Btonc  and  ahnlc  in  the  seams  than  occnra  on  the  west  of  the  field.  This 
may  be  seen  from  an  examinaiion  of  sections  of  5  0  and  40  and  17  6 
and  2S  B  (Plates  IV.  and  V.) 

The  lower  scam  cxiscs  over  the  greater  poruon  of  the  area.  The 
upper  seam,  which  is  ISO  feot  above  the  lower  one,  exist*  over  a  large 
portion  ofthis  part  of  the  field.  The  general  section  A,  Plate  I II.,  gives  the 
probable  section  of  Nu.  23  I),  now  sinking,  of  the  East  Indian  Railway 
ooUicrJes,  which  in  to  win  and  work  the  whole  of  the  coal  in  the  two  Bcama 
mentioDed.  The  total  thickncu  of  measarcs  cloec  to  the  f&alc  must  be 
about  400  feet,  and  ihim  includes  the  large  amonnt  of  3^  feet  of  coal,  21 
feet  of  which  is  included  iu  the  two  Beams  at  present  worked.  The  re- 
maining 15  feet  is  spread  over  aeams  considered  too  thin  to  be-  workable, 
or  at  all  events  Coo  thin  to  attract  attention  wliile  so  much  thick  coal  is 
available. 

There  are  two  well-mnrkod  scama  each  containing  more  than  four 
feet  of  coal,  cue  lying  above  the  lower  seam  and  the  other  above  the 
upper  seam.  They  ait:  landmarks  in  the  field,  and  as  it  is  ossontial  that  they 
should  have  some  designation  in  literature  on  tlie  coal-field,  the  writer  ])ro- 
poses  the  nam.es  given  iu  tlie  general  section  A,  one  from  the  chairman, 
the  other  fVom  the  agent  in  India.  This  ia  preferable  to  numbering  the 
seams,  which  must  cause  confusion  when  a  seam  that  has  been  OTerlooked 
is  found  to  exist  between  two  already  nnmbered  seams. 

On  the  B-mtb  of  the  anticlinal  the  lower  seam  dips  regularly  to  the 
south,  as  shown  in  sectiimti  on  A  B,  C  D,  and  K  F,  PlaU;  II.,  until  within 
a  short  distance  of  the  southern  boundary,  where  vhere  is  a  Bynclinol  axis 
coincident  over  a  gre^t  portion  of  it,  with  a  fault  which  brings  up  the 
lower  scam. 

The  upiwr  seam  ^ipeai-s  to  be  ubout  3  or  4  feet  thick  on  the  south  of 
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the  aatjctmal  nntil  it  reaches  Serarapore,  vhere  it  gives  fVom  8  fc«t  6  tnchM 
to  5  feet  of  coal,  in  a  totfll  thickneaa  of  acAm  of  H  feet  (i  im-heft. 

Above  thi«  npp«r  seam  the  groand  in  the  sootb  of  the  anticlinAl  doec 
not  reflcmWe  that  on  the  north  of  the  anticlinnl. 

There  fire  two  seams  croj^pinj;  on  BhadduMh  Hill,  the  npjxrr  and 
lov«r  one  oaiQed  thi>  Bhaddooh  scara.  On  tin?  side  of  the  hill  they  are 
about  30  feet  apart,  but  as  they  dip  to  the  south  the  thicknesB  of  interven- 
infi  strata  becomes  mitrh  lew,  and  the  npper  seam  incrrasca  in  ihiclmeaa. 
On  the  uoiilh  of  Bliaddnuh  Hill  the  upper  Rcam  in  repreiwnled  t»yl^  feet  of 
shale.  The  writer  is  inclined  to  believe  that  the  thiek  scaniR  nf  Khundiba 
represent  the  Rhaddnah  scams. 

On  the  west  of  Bhaddoah,  towards  the  villages  of  Mahestumli  and 
Karharbtiri,  the  Karharbiin  ttecls  abut  agninsttho  mctamorphic  rocks,  and 
Ibe  oatcrop  of  tbc  lower  seam  is  not  expowd.  It  prohablr  lies  at  no  ret? 
great  depth  however. 

StUI  farther  west  tho  scam  eropa,  and  has  been  workcil  in  jcan  past 
to  some  extent,  and  proved  of  excellent  qoality. 

Eaetwurd  of  J^.'gitaiid  the  aeaui  pBiwea  through  Kuldiha  to  Buriadih, 
into  the  Heramporc  estates  of  the  East  Indian  Railway  and  Raneef^nj^ 
Coal  Association.  The  sections  on  A  B,  to  which  the  «Tiler  has  already 
railed  attention,  showed  the  position  and  depth  of  the  coal  iu  this  part 
uf  the  Held,  and  the  general  section  on  the  right  (Plate  TTI.}giTesa 
generalized  section  at  the  [x'int  marknl  D  on  the  snrfiice  map  fPlate  1). 

The  great  thickening  of  the  strat-a  will  be  the  must  noticeable  feature 
and  corresponding  with  the  iucrcow;  of  thickness  uf  rock  stratA  then 
appears  to  be  on  increase  in  the  thickness  of  the  coal  on  the  Jover  M*in. 
Tba  increaae  in  the  thickness  of  strata  cannot  bo  better  shown  than 
by  comparing  some  shutls  at  8erampare  with  those  at  Kurhnrbnllee. 

On  referring  to  the  secti<m  of  Xo.  SS  shaft  or  No.  21  shatl,  it  will  be 
found  that  2fi0  feet  of  stnta  endoee  16  or  17  fuet  of  cool. 

The  gronnd  included  in  shafts  Ko.  SSk  and  'ii  (Plate  I),  at  Karhnr- 
ballae,  on  the  north  pitch,  amonnta  to  280  ^t  or  thereabouts,  and  thii 
indndea  29  hot  of  cual. 

Farther  aunili  than  No.  2S  the  strata  still  increases  in  thickness;  and 
Nol  1  flA  shaft,  dose  to  tJie  fhnlt,  has  liecn  sunk  ^bu  feet,  and  has  only  met 
with  the  small  seam  wlUch  lies  about  70  or  eo  feet  above  tbe  lower  seam. 
When  completed,  this  shall  will  be  SCO  deep — obont  the  aame  as  No.  28  D. 
This  latter  will  cot  flfi  feet  of  oool,  including  the  upper  and  lower  aeamt] 
wbcnaa  16a  will  only  cut  the  k>wer  seam,  the  upper  seam  cropping  some 
hnndrad  of  feel  on  tlio  deep  aide  ul'  tin  aJiall. 
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At  SSd  the  npper  seam  will  lie  ahoat  1 60  feet  above  the  lower  warn. 
At  No.  l(iA,  or  near  the  floothcm  boandorf,  the  distanoo  between  the 
seaouis  &i)in450  to  MH>  Teet.  This  Ib  a  grvai  increase  on  ICO  feet.  Alwve 
this  sum  crop  the  Khundiha  scams,  which  are  bat  little  explored  or 
known,  hut  which  tin?  writer  has  comiocted  by  borchwlea  witli  the 
Bhaddoah  seams.  Thcec  niU  lie  at  the  point  marked  D,  quite  200  to  300 
fiact  higher  than  the  ajipcr  scam. 

The  total  thickness  or  productive  nieasnivs  in  this  part  of  the  field, 
M.,  at  O,  Plate  1..  thercrorc,  ie  probably  not  less  than  1,000  Teet. 

The  greatest  thirkni'M  af  atraia  is  thns  seen  to  be  near  the  southern 
bonndarr.  The  Rtnictnrc  of  the  Held  witli  the  faulted  boundaries  is  most 
interesting. 

It  will  be  observed  that  the  faults,  as  rej^nlfi  actual  throw  or  heave, 
are  not  very  great.  That  on  the  north  may  be  about  600  feet,  that 
ranning  along  the  south  of  the  field  is  prvbably  frvm  200  to  400  feet  In 
vertica]  thnjw. 

Trap  dykes  tntf  rsect  the  lieJd  us  shown  in  the  Burfeoo  map.  ^Vhe^e 
they  conie  in  o^ntact  with  the  coal  the  l&tter  Incomes  uoked  and  useless 
for  w>tno  distance.  Plut<;  Vll.  jrives  a  few  inlercatiug  examples  which  the 
wi'iler  met  with  during  his  inspection  of  sinltings  or  of  liio  workinifs. 

The  lower  scam  is  ofleu  divided  by  a  band  of  trap  which,  with  the 
atoOB  and  shale  partings,  dlvirles  the  seam  into  fuur  or  five  beds  of  coal. 

Specimens  of  the  trap  were  careftilly  exnmincd  microacopically  by 
Mr.  Rutley.  of  the  Museum,  Jermyn  Street,  and  he  reports  on  thcni  all  as 
being  micaceous  traps  very  decomposed  indeed,  tlie  felspar  l>cing  replaced 
by  carbonate  of  citlcinm.  In  one  specimen  he  thought  he  discerned 
olivine,  but  he  is  not  quite  intre  of  this. 

The  BectiouB  (Flsite  YII.)  rcpreaent  a  band  of  trap  passing  acrosa  the 
coal  and  cfiking  it  for  some  distance.  This  is  ttie  upper  seam.  The  trap 
is  brownish  white  and  very  decomposed,  and  when  first  cut  it  yivlded  a 
great  quantity  of  water. 

In  the  lower  scam.  No.  6b  mine,  the  trap  is  parallel  to  the  bedding, 
and  is  very  decomposed. 

In  Xd.  40  ithafl  the  working  was  delayed  by  the  presence  of  the  trap 
which,  though  di-aimposed  (as  wua  shown  by  microsfiopir;  examination), 
was  very  haid  to  out  through.  'I'lie  coal  wna  coked  and  hardened  to  the 
extent  shown.  A  great  deal  of  pyrites  was  found  in  the  coal.  The 
shale  was  hardened  and  liuniuated,  and  ountnined  flakes  of  white  calcspar 
that  gave  it  a  very  pretty  appearance. 

lu  Ko.  2-4  shaft  the  trap  was  very  thiuk  and  moasive,  but  was  of 
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the  same  Tsricty  aa  at  No.  40  shaft.  There  were  8  feet  of  coal  nborc 
the  trap  at  the  pit  bottom,  hot  u  chc  gallcrr  or  headway  wu  driven, 
the  thickness  of  good  coal  decreased  to  three  feet,  and  then  the 
trap  broke  through  the  scam  into  the  roof.  The  coal  vas  burnt,  the 
iihaTe  heinj;  htmlenod  nnd  split  into  polygonal  rolnmnfi,  and  pieces  of  ooal 
(or  rather  coke)  and  burnt  shale  were  included  in  the  igu«ous  matter 
Below  the  trap  the  coal  wm  found  burnt  as  at  the  top. 

Having  considered  the  geological  iitriiotnrc  of  the  field,  the  writer  will 
now  attempt  to  show  the  amount  of  coal  iu  the  field. 

The  cual-fleld  is  timall  in  area,  aa  hati  ah'eadj  liecn  stated,  but  it 
is  groat  as  regards  thiokneas  of  coal.  The  area  of  the  lower  aeam  may 
be  biken  at  eight  nqttare  miled.  Tliis  is  the  aeam  with  the  greateat 
extent,  as  well  as  the  greatest  thickne»,  and  really  contains  the  greatest 
portion  of  the  mineral  wealth  of  the  ami-field.  It  Ik  the  best  aoam  too 
■I  regards  stmctnre  and  ehemical  composition,  an  hereafter  will  be  fieen, 
utd  has  a  mean  specilic  gravity  of  1-S5.  The  thickncsB  of  the  seam,  the 
writer  can  safely  any,  is,  on  an  average,  not  loss  than  14  feel  of  ooal,  but 
may  be  safely  taken  as  12  feet  6  inches.  In  one  shaft  there  were  Ifi  feet 
of  coal  with  more  beneath.  Eight  square  mites  of  a  seam  12  feet  6  inches 
in  ibicknofls  and  of  a  specific  gravity  of  rSA  means  1  ori.OOi^.O-lO  tons. 

The  upper  seam  is  only  workod  at  Ktirhurl)allee,  and,  in  the  absence 
of  workings  on  it  elsewhere,  the  writer  will  only  calcnhile  tlie  {guaDtity 
in  this  part  of  the  Held.  Ac  a  Hjieuifie  gravity  of  rS8,  and  »i«uming 
an  average  of  7i  inches,  there  an  about  t,A78,90O  tons  of  this  cool. 

The  Bbaddodi  seam,  which  is  the  most  easily  and  cheaply  worked  at 
preaBatw  it  ties  in  the  hill,  k  aosefulsenm  (see  Plate  VI.),  and  a  toterabty 
good  one,  as  shown  tn  the  table  of  analyses. 

The  Khundiha  scam  (the  analyses  gives  the  compo«ition  of  tho  top 
hand  of  the  three  seams  shotv-u  in  general  sections)  is  probably  the  upper 
Bhaddoah  seam,  and  underneath  it  the  writer  expecte  to  find  good  cool. 

The  qieclGc  gravity  is  1-40,  the  average  thidcoees  is  taken  at  86 
inches.  This  means  an  amount  of  11,793,4^  tons.  It  may  be  summod 
op  aa  follows : — 


Lower  warn 
ITpptrMaa 


AUowtnfT  10  per  oenb  for  waite.  dr.,  ote. 

Tliarc  nnuin*      

AUcm  fuT  obat  i*  wurkM 


Tmm. 
11.7«8.tt0 


i.Eoaooo 
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wnn  wuy.  reharka  ox  i.xmAX  coals. 
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The  ontpiii  nf  ihp  cial-Md  ifl  fnnn  -lOO.ftOO  to  4:*f»,00fl  tons  per 
anuum.  of  which  tho  Ea«t  Iiiiliau  Itailway  rauK*  Sr>0,y()O  t.i  800,000  tooA. 
A»aming  an  output  nf  fiOO.OOO  tons,  the  coHl-field  will  have  H  life  of  1 62 

Tiiifl  cool-fiold  yietfU  neiirlj  half  the  ontpnt  of  tnilia. 

Many  seuiis  vf  what  in  Eii^bnd,  with  upproved  methods  tind  intotli- 
gent  workmen,  would  he  (.•oiniidcrcd  guuil  workuljle  KUtuim,  art)  lofl 
unnoticed.  As  it  ia  prohable  that  these  thinner  Beams  will  in  the  future 
attract  attention,  the  writer  thinks  they  should  be  allowed  for.  lathe 
Knrhui'bnllee  (geuenil  section  A.,  Plnte  I.)  SI  feet  only  out  of  80 
feet  of  coil  was  worked.  Allowin°:  that  4  feet  of  cxwil  more  may  be  won 
over  the  whole  coal-field,  14,000.000  tons  mnst  Iic  added  to  the  above 
estimate,  after  allowing  for  wnste  in  working.  et<^^..  etc.  This  would 
|troloiig  the  lifu  of  the  field  anoUier  quarter  nf  a  century. 


QUALITV  AM)  COMl-OSITION  OF  THK  COAL. 

The  pliygiwit  structure  of  the  coal  may  be  thxis  described. 

It  is  %Try  laminated,  in  the  belter  ejiecimens  the  laminie  being 
iDConspiciiouM,  but  in  that  from  "  Khuudtha,"  the  laminated  charact«r 
is  vo^  exaggerated.  It  tihows  on  cxaminatiuu  thick  Uminffi  of  bright 
bituminous  matter  altematiiig  with  laminie  of  inineml  charcoal  aud 
shale.  The  mineral  charcoal  can  bo  seen  in  all  the  coals  when  broken 
parallel  Ui  the  plauea  oC  bedding.  Microecopiwilljr  it  apjwars  very  like 
wood  chftTcofl],  which  in  fact  it  is.  The  writer  exposed  some  of  thia 
mineral  cliarco^)  to  heat  with  the  following  result.  It  gave  off  a  largo 
amount  of  volatile  mutter  wittiout  cukiu^',  and  burnt  slowly  to  a  flocculenb 
yellowish  ash,  like  wood  aeliea  in  appearance  : — 

FvOat 

A«h  ,  ...  iraif 

Cwbuii,fUea  TO-68 

VrJnti)cinittUTmwl  wnt*T  ,,K7-aO 

The  bituminouB  tayers  bubbled  up  un  beating,  and  burut  with  & 
reddish  ash.    The  aniilysis  pave  the  following ; — 


Atti 

Kticd  cmrbini 

Volatile  matter 


PorOfut 
004 

2B-47 


Under  the  micniscope  the  imter  recognized  a  long  flattened  epore  c&se 
in  the  bitimiinons  matter. 
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A  rerLTCnc?  to  llie  ublc«  of  analTBCB  which  lullow  will  show  that  llie 
laycre  of  slinlc  or  carlwuaceons  ehale  moat  be  prcscot  iu  a  Urge  dcgne  in 
the  Khundiha  seam  ;  in  a  lees  deforce  in  the  nther  nentns,  an  the  amf*unt 
of  anh  ill  the  iearns  is  greater  thao  tlifit  shown  by  the  above  aoalTses  to 
)>c  coiiUineil  in  tlie  Diineral  cbnrcuul  and  Lhc  biLumiimiis  matter. 

The  Brat  Lablv  fcivcs  the  oommercial  acmlrBCH  of  th?  diiforent  mnuds, 
j>,  the  fbc«d  carbon,  the  roUtile  matter,  nsh,  sulphur,  and  heating 
power  of  the  coals. 


TAHI.K  I. 


1        1 

'     1 

Mphof. 

BMuAi. 

j 
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ii-fi? 

«rM 
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1 
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6(^M|  li-OO 

0-43 

18-30 

i    fuvn-polaurttl. 

Upper  Smih 

1  33 

11  !M    60-4a|  S7-&9 

Q^SS 

12-60 

Cnking  tnal :  mIi  whit^ 

BiMdilaaLSMiuj 

kttnge 

Khnnilitiii 

1-40 

13  GO  ei-os 

IHOtt,  614ft 

1 

£5-»7 

20-46 

trao 

12-40 
12-2(t 

Aakgrej. 

vm 

tS-SSj  03-46 

Si«l 

066 

12-78 

- 

23  33.  M-10    Ut-U 

— 

11-00 

Aahmuthj. 

The  follon-ing  table  ^ves  the  nttimaCe  oompmdtion  of  the  Mnnu ; 

TABLE  II. 


talitab 


Lovrvr  Stun 


CppT  partinn  of  w*xa. 

Jugtfauid.    t     <rf""«<t 

KorhnrWlH. 

BiMddcAh  (KarburbaDM.) 

BOTwnpors. 
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The  moBt  iKiti'valtlcr  IV-atiirc  is  the  high  sjiecific  gravit^v  of  iJie  on^. 
The  next  point  is  the  ratlier  large  araountof  asb — large,  the  writer  meatxe, 
in  utiin^isoit  with  EuKn»>h  standard  coals.  In  runninj;  doH-Q  tbo  lint 
of  nnaljacs  it  mtiat  be  reu'^lleutud  that,  the  lower  seAcn  furniit  the  lorgct^ 
proportion  of  the  coal  in  the  Hcl'd,  nnd  the  largest  proportion  of  tlitr 
uutpat,  and  thifl  Kaoi  has  ouljr  ii  per  C(;tit.of  luih,  which  '»  ii<>t  wry  great. 

The  lUixt  point  ut  the  largt-  amount  of  uu-bou  utd  hydrugt^n,  aud  the 
proportion  of  fixed  carbon,  which  is  coko  with  the  ash  ahslratitoj.  The 
calorific  poHt-r,  ur  the  pounds  of  wat*r  that  can  be  converted  rrora  ^l3! 
dfgrt-us  into  steam  by  one  p<>und  of  ooul,  is  also  guod.  Tbey  were  ascer- 
tained bjf  Thomson's  calori meter. 

In  order  to  arrive  at  a  coritct  idea  nf  tho  qnality  of  these  coals,  the 
writer  has  in  the  fallowing  table  put  the  Umer  seam,  as  null  iw  the 
average  of  the  Kurhiirlialtui:  Keania,  in  ooniiiarisuti  with  WcUh  and 
Bristol  cools,  and  also  with  the  coals  from  the  Ttiniganj  cuMiuld. 
The  B^uuganj  analyses  are  the  average  of  twu  goud  8j)eciiQ<;us,  and  the 
general  average  of  sixteen  aamplea  fVoni  dilTercnt  portiouB  of  the  scams. 
The  snlphur  is  not  given,  hot  it  is  stated  to  be  high  : — 

TABLE  UL. 


Imiijr—   I  Lower  Se«ii 

i  Oood  *pi-cinti<n  ... 
lUnigaDJ  i 

EXOLIBR  — 

WddiCMli 

BruW  Lawur  dvrivs  {Stw.m) 
Bmlol  Upper  Soriw  (Gm)  .., 


apeaUa 
Onmr- 


AiL 


Ctabuo.  *'**'*'■;  lUtWt. 


Anthnrttr, 


Anthor- 


(  Mvni.  4i«o.  Survey 
j   <.fIiiiii«,VoLIII. 


Officiul  LUiport  OB 
ConI  tor  Xkft. 
Aatbor. 

Author. 


The  above  table  will  show  the  difference  in  character  betwi-eu  the 
Karfaurballee  coals  and  the  lUniganj.  The  Karhurbalbe  coal  is  slightly 
smaller  in  amount  of  ash,  but  the  most  noticeable  dilTererioc  in  this — 
the  Knrhnrballa*  ma]  contains  a  large  nmonnt  of  jirni  rarbon,  and  the 
RiniRanj  coal  a  Xn-rgn  percentage  of  votadis  vujlU'f.  This  ih  ihtJ 
diflcrence  between  a  gas  coal  and  »  steam  coal.  For  houae  pur}K)m.<e 
eonl  is  not  so  largely  needed  in  India  as  in  England.  The  chief 
value  uf  ccal  is  for  steum  purposes,  mid  m  this  respect  the  Kmhurbiilliee 
VOL.  xxx.-Ma.  .  0 
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coftls  are  decidedly  iiiperior.  Some  years  ago  experiment  were  mtide  un 
Uie  EarL  Indian  Railway  lo  detcnniue  cbe  relative  viUiios  of  cite  Kurhur- 
bailee  and  lUnigiuij  coals  for  locomotive  piirposoA,  and  tlie  resulu  wore 
largely  in  ftivonr  of  the  former. 

Wh«a  a  oompariaoa  with  English  nonls  is  made-,  tlie  results,  nith  the 
eioeption  of  the  amoiuit  of  sntpliur,  nro  nut  au  favonrablc.  The  nearest 
approach  to  tlic  Indian  coal  is  in  the  Bristol  coaU  of  tins  lower  series, 
which  are  largely  used  for  house  and  steam  porpoeee.  There  is  one 
seam  in  the  Bristol  coal-field  about  2  feel  or  3  feet  6  inches  iu  ihicJc- 
oeu  (called  the  "  two  feet  scAm"),  which  »o  much  resemblM  the  Indian 
coni  in  composition  and  structore  that  the  writer  is  constrained  to  com- 
pare them : — 


KmbotliaUatL 

BriMol. 
Two  rat*  Amih. 

A«b 

>U 

0-fiU 

l-lxcd  oftrbnn 

..        »M 

6e-Mi 

VgtotiU!  mutter 

3*131 

20b2 

Tl>e  analyses  of  the  seatns  at  Jngitand  and  Seramporr,  places  widely 
aupanited.  show  great  similarity  in  struoture  ond  the  colour  of  the  ash, 
m  shown  in  Tables  1.  and  II.  At  lUnuiuddi,  on  the  extreme  vmst  of 
the  field,  the  lower  seam  was  worked  some  yean  ago,  and  on  analysis 
yielded  the  following  re«ult«:— 

I  Ash  .»  ...  8W 
iiit«(i  ou-iuu »  mu 
VoUtflo  natttr          tt-40 

the  ash  is  dewribed  as  being^  fawn-coloured.  This  is  rety  similar  to 
results  in  Table  I.  of  the  lower  seam. 

The  writer  believes  that  picked  spccinienit  would  show  a  smaller  per- 
oentage  ofasb,  but  the  pcrcentAgeof  flsh  within  n-'asniinhle  limits  is  loss 
B  tost  of  the  value  of  coal  than  the  amount  of  fixed  varboD.  The  uulyaes 
given  definitely  ahow  this  fact,  tlint  the  cools  aro  good  tueftil  coah  for 
steam  purpoiK«  in  couaequencc  of  containing  so  much  fixed  carlxin. 

The  KhuudiliH  Heiuu  is  not  nsed,  in  fact  it  was  only  recently  ait  in 
ainking  for  the  k-tUT  (xml  that  will  be  met  with  beluw.  Although  it 
contains  so  much  ash,  and  would  be  a  dnll  burning  coal,  it  contains  a  fUr 
amount  of  carlwn,  and  may  probably  be  osefuL  It  represents  whnt  in 
other  parts  of  the  field  is  a  aeam  of  worthlees  shale. 

The  cool  raised  by  the  East  Indian  Uiulway  Company  is  used  on  the 
locomotJTet,  and  on  the  line  generally,  either  in  the  form  of  coke  or  of 
hfge  tteam  ooal.  The  ntbUe  and  smithy  (oobbles  and  nota)  are  aold  to 
other  nOwayi  and  the  genoni  pnblia 
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The  coft]  raJBed  by  the  other  comjianMS  la  sold  to  rnilways  and  tiw 
public  genernllf . 

The  largG  quantity  of  small  made  in  the  extraction  of  the  coal  makes 
the  production  of  ccjke  a  tnoet  important  qneeliim.  The  emaU  coal,  in< 
ooropletelf  ooked  in  Inrj^  German  ovens,  mftkea  an  excellent  fuel  lor 
locotootiTe  purpoees.  When  burnt  th'unjiighly  tliere  is  to  mach  aah,  and 
the  coke  is  ito  bard,  as  U>  he  almost  InoomliuRtilile.  Gbldni^  in  this  wa;, 
*.«.,  learing  tiix  inches  or  a  foot  of  imbunit  cviol  on  (he  top  of  the  eokc 
means  watte,  bnt  miich  h«i  waste  tlian  when  the  Niiall  eoa]  Bccumulattis 
in  heaps,  and  Iwcomcs  positively  uBclesa  under  the  cQect  of  rain  and  heat. 

ABE  OP  THE  COAL-MK^VSrHEa 

The  writer  was  mnch  atrnck  on  his  urrival  in  India  by  the  abncnw  of 
the  furni  of  fosail  life  hu  liud  "binm  accmttoiuLHl  to  see  iu  the  tihaleii  and 
Randid'iMiiefi  of  the  Rti^tiuh  ojal-mciwurcfl.  The  fluted  eigillnria,  thc«carrrd 
BtigmartQ,  and  the  scnlptnred  Icpidodcndron,  are  oonsjiicnona  by  their 
absence.  The  moMt  familiar  was  a  nc-uroptcris-liko  fecn,  which  is  called 
nearopterirliiim. 

The  A^-riter  regret*  that  hii  rapid  retreat  before  the  climate  of  India 
compelled  him  to  leave  Biieuiiuens  uf  foesils  lieliiud,  but  that  Iogb  is 
ftilly  made  up  by  the  memoir  of  Dr.  Foiutmantel,  whidi  jr  invahiablo  to 
all  interested  in  the  flora  of  the  coal-field. 

After  an  examinaliiui  of  the  llora,  Dr.  FeiatmaMt^I  wriU* — "  1  thought 
that  on  the  whole  T  could  not  bo  wrong  in  conBJderinK  these  beds  of  the 
lowest  triaeoii;  iige."  From  Ui»  memoir  t!ie  wTit^r  <]HOUia  the  following 
species: — 

HQriSffTAriA        ...        flcMxtmcnrft  OonilivAnenBiii. 

Sch.  Mcrioni. 

Vcrtebrtriu  Indicia. 
FtUCBS       ...         ...         8pLeiioii(«'ri»  p>l j mnrpW 

Kcitr(i]il«idiiim  vitlidu. 

Gnngit(i)opt4:rii  c>cIo[it«r(iide». 

U.  Kiiiradiica. 

O.  inajur. 

Oluwoptoru  coiuiuuiii*. 

G.  UaiTJUillca. 

0.  dtM'ltjknia. 
CtcAOAOIA  ...         GloaMn&uiJlijH  StoUcilnuu*. 

Na-gL-rnitliiuiJvin  HUIrj|». 
ContnuM Europli^IIuiij  WliiLti&iiuui  (?) 
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THE  KIRHTWULLER  OOAI^nKLD, 


With  &  few  remarlu  on  the  method  of  working,  and  on  the  lobonr 
obtAinnhle  in  the  ooal-field,  the  wn'ter  will  close  the  paper. 

Tbe  sjrttem  adopted  in  a  kind  of  board  and  pillar,  tach  a  syiteni  at 
probably  obtained  in  England  in  the  infancy  of  raining  en^neering. 
The  pniani  rnry  firom  10  feet  to  40  feet  atjaarc,  gallcriu  being 
nsuallj  12  feet  wide.  Thia  system  has  one  advantAge,  that  of  giTing 
a  large  output  in  a  sliort  time ;  hot  there  arc  so  m&ny  and  obrioiu 
diaAdrantagea  (the  greatest  being  the  vrostc  of  cool)  that  nothing  con  be 
■aid  in  faxom  of  tbe  irrstcni.  The  workiugs  formerly  passed  IVom  the 
crop  towards  the  dip,  a  shaft  being  sunk  juet  in  time  to  witness  the 
exhaustion  of  tbe  rise  coal,  and  bo  see  tbe  difficulties  of  dip  drainage 
from  every  face  or  gallery  below  tbe  level  of  the  jtump.  A  great  improve- 
ment bos  taken  place  of  lute,  tbaoka  to  machinery  and  management,  and 
the  result  is  highly  satisfactory. 

T)te  sniall  pillani  have  been  Kn(y«i;(;fiitly  extracted  in  the  hill  workings- 
Tbe  chocks  used  are  ;>ld  railway  sleepvre,  m  w<)od  is  extremely  scarce  nod 
dear.  Hach  of  tbe  timber  is  lost,  and  oocasionally  some  root ;  bat 
■ooide&ta  to  tbe  men  are  rare.  A  face  of  four  or  fire  pjlbus  is  taken  out 
at  a  tfane,  chocks  being  put  between  thow  pillars  that  hare  to  come  out, 
and  a  row  of  chocks  between  those  pillars  and  the  next  row  of  pillars. 
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The  sketch  above  represents  the  method.  The  chocks  arc  i  foet 
■qnire.  The  pilbirs  are  worked  off  fn^m  the  gHllerieB  towards  the  goaf, 
jirops  being  pnl  up  under  bad  stones.  A  sptM:iaI  net  of  qko,  adled 
propping  ooolies.  vitb  a  sirdar,  or  foreman,  examine  Uie  roof,  and  look 
after  tbe  men.  Tbe  chocks  ore  taken  out,  and  tbe  roof  allowed  to  fall. 
If  tbe  roof  lianga  alter  Bererai  rows  of  pillars  arc  gone,  tbe  work  is  aa»> 
pmded,  and  the  place  vigilantly  watched,  no  man  being  allowod  to 
approach  tl>e  o|)en.    Tlie  t-nu:king  of  tiw  nwf  is  the  sign  lor  omation  of 
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worlt ;  and  the  men  Trithdraw  nntil  it  is  safely  down.  The  men,  who  at 
firal  were  dillicult  to  ^i  into  pillar  workings,  take  to  it  Iciadly,  as  thej 
can  cut  ntnoh  more  coal  than  in  the  solid.and^t  the  same  hoping  prices. 
This  pillnr  working  is  in  a  scnm  from  G  to  H  feet  thick ;  and  it  is  thii 
thidcDCBB  that  makes  it  poEsiblc.  The  covering  is  trvm  20  to  &0  feet  of 
rock. 

The  tools  HBcd  by  the  men  who  work  in  \mn  nre  long  tTowburs,  or 
"aibeU,"  and  picks.  The  men  that  uec  eabele  stnke  alternat«ly.  The 
ooal  is  hand-picked  into  the  basket?,  and  earned  in  Uie  snrtace,  or  to  the 
coal  tubs,  which  are  on  the  EnRlish  pattern,  and  in  the  better  arranged 
mince  ran  on  I  foot  H  inch  gauge  trarawayii.  The  mines  nn;  in  nearly 
all  cases  connected  with  the  surface  by  inclimt),  hb  Uic  men  [irefer  walking 
down  to  their  work. 

The  native  labour,  which  ie  controlled  and  directed  by  Burojxun 
officers,  comprises  Hindoos,  Mussiilmnns,  and  rjuiisL-ahoH^innl  tribes. 

The  higher  caste  Hiiidims  (KniliniinH,  Hjijpoot**,  KyHSths)  take 
responsible  positions  as  clerkti,  account antA,  native  overmen,  store-keepers, 
sur^'cyoTB,  and  draughtisravu,  or  any  ]iosition  tliat  will  nut  degrade  them 
or  their  CHAto.  The  better  class  of  Miissnlmiins  (III  Lbu  same  ixiaitions. 
They  speak  English  fSnently,  if  not  correctly,  and  arc  n  thoroughly  useful 
clam  of  men. 

The  miners  arc  recruited  fVom  Hindoos  and  Mussulmans  of  the  lower 
type.  The  Hindoos  comprise  the  <.i(i[tfis,  ot  coiv-henJe  ;  iSuuris,  or  dis- 
tillers ;  ReldArs,  or  laliourcrs  ;  Kaliui-s,  bearers,  or  domestic  scrvonta. 
The  I>oharB — blacksmiths,  and  Barhi — carpenters,  find  work  in  their 
rei^ctive  trades. 

The  bulk  of  the  miners  mnsist  of  ubnrigim-s  that  have  adopted  a 
bastard  kind  of  Hindooisni.  The  Bauris — labourers,  from  lower  Bengal, 
who  hare  been  attracted  by  high  wages  into  the  distrit-t,  make  some  of 
ihii  best  of  miners,  but  tire  at  the  same  time  the  must  diHiciilt  to  manage. 

The  Doras— basket-raakers,  and  general  scavengn^,  form  a  large  pro- 
portion of  the  labour.  The  Bhuiyas — labourers,  also  form  n  portion  of 
the  miners. 

The  Kols  and  Santhals  arc  aboriginal  tribes,  with  a  different  language 
and  different  religion  to  the  rest  of  the  miners.  They  make  cxoellcnt 
miners,  and  are  tractable  men. 

The  lower  orders  of  the  llnasnlmans,  as  the  Meaha,  make  a  largo  propor- 
tion of  the  miners. 

The  men  live  in  rangesof  brick  huts  built  by  the  companies,  or  in  mnd 
beta  made  and  tlmtdicd  by  thcmecIvcB.       The  miners  that   visit  the 
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collieries  in  tlie  liot  Koean  make  hats  ofpolee,  the  walls  being  Ute  leaves 
and  leafy  lironchea  of  treea  interlaced. 

Men,  women,  and  children  vork  in  the  mines  in  India.  The  strong 
and  sturdy  men  hvK  tlie  coal,  the  women,  the  decrepit,  aad  children  carry 
it  away  in  baskcta  on  ihe  head  either  t»  the  surface  or  to  the  tnlis  or  tnun« 
which  arc  "  pntted  "  away  by  duaky  pntt«r  lads  or  women.  The  Twyrarnt 
Tor  howing,  which  indndes  a  certain  amoimt  of  carrying,  \%  made  per  basket 
or  "  bilti "  four  of  which  gn  to  the  too. 

Tlie  price  varies  from  eight  pioc  or  two  nnniu  to  twelve  pice  or  three 
anna«  per  bucket  Thia  means  eight  annns  ( I9.)  fj  twelve  annas  (la.  6d.) 
per  ton  for  largi!  coal.  A  aniform  price  of  three  pice  per  backet  or  tliroe 
annas  per  ton  is  made  for  small  ooal,  which  is  afterwards  hand-»ofted  into 
Bteam  rubbte.  nibble,  and  smithy.  All  that  goes  through  a  ono-inch  mcah 
ia  called  ainithy.  Thisispatd  foratanriironnrateofoneplceper  mannd 
(82  lbs.)    This  means  ahont  G'H  annat)  |  }(yjA.)  per  ton. 

When  the  cool  ia  teame^l  from  the  pit  tnuns  it  is  loaded  at  one  anna 
per  ton  into  tlie  coal  trucks.  This  is  done  by  men,  women,  and  children 
too. 

It  will  bo  seen  that  the  miners  wages  are  high,  higher  than  ordinar7 
labour,  which  may  be  pnt  at  two  annas,  or  thrcepenrc  a  day. 

Men  paid  by  the  day  receive  fW>m  two  to  fotir  annas  <8d.  to  Od.), 
women  get  a  lialf-anna  i^cr  day  Less  for  the  same  work,  and  m  do  children. 

In  shallow  pits  the  coal  is  mised  In  iron  buckets  by  a  "gin  "  wnrked 
by  women.  In  a  pit  100  feet  deep  about  twenty  women  an*  required, 
(iTo  at  each  ann.  They  lecoive  one-and-a-balf  annas  daily.  The 
"  Sirdar  "  or  foreman  gets  three  annas. 

Tht>  miners  are  |iaid  weekly  on  Sunday  mornings,  and  go  away  to 
the  Bazaar  which  luut  been  established  in  ihe  oal-field  by  the  Kast  tndian 
Itailway  Company  fnr  the  benefit  of  the  miners,  to  lay  in  their  stocks  of  rice, 
curry  powders,  etc..  fur  tbe  ensuing  week.  Monday  seea  but  few  of  them 
at  work)  and  Tuesday  not  many  mom ;  but  Wednesday,  Thureday,  and 
Friday  as  well  as  Saturday  ore  good  working  days.  Thi*  minera  are  then 
in  fiill  awing  anticipating  tbe  next  ]iay.  Some  idea  may  be  formed  of  the 
Hixo  and  use  of  iht;  Raxoar,  to  which  merchants  and  hnckstcra  (as  wo  may 
l«rm  the  men  witli  their  handfnl  of  merchandiiie)  flock  fVom  miles  aroond 
with  orticleB  of  food,  dress  and  jewelry  (of  brass  and  lead)  when  it  is 
stated  that  from  £500  to  £1,000  poos  hands  in  a  single  day. 

The  holidays  are  numerous  and  religiously  respected,  a  day  of  latineos 
being  IbOawcd  by  a  nifiht  of  caronsiiig  and  noise.  Tbe  tom-toms  and 
their  chaols  naku  night  irnly  hideous. 


WITU   mUt   RRIUBK8  ON    IRllliN   COAI^. 


iS 


The  men  are  not  perfectly  Beaiied  frora  thoir  ordiimry  (ait«  pnnmita. 
The  hold  oil  ihem  isnotgrcatfiuid&aydiscimtent  is  Ibllowed  by  migration. 
They  pick  up  their  beda,  or  rather  the  wives  do,  collect  the  cooking  uten- 
JtilH,  gird  up  tJicir  loins,  and  dupArt. 

Labour  hiui  U-cii  attnictcd  Ut  Kttio  in  the  immediate  vicinity  by  ullot- 
meub  of  laud  at  uomiual  rcota  on  tliu  uudcretanding  that  when  coltivntJuii 
ifl  oTcr,  th4^  shall  work  in  the  mines. 

Some  men,  as  the  fiiinriji,  or  Sooriw,  (*rne  (Vi>iri  a  distance.  Bay  40 
or  f>0  miles,  stay  during  the  hot  scasuii,  and  ruturu,  whui  they  can  follow 
their  own  aTOcatioue,  to  their  own  !iomcs, 

Tlw  rainy  eeoaon  uu  auuncr  commeucce  than  the  Iatx>ur  dccreaaea. 
Men,  women,  and  children,  go  away  to  cultivate  their  own  plota,  or  the 
plotfi  of  thoae  to  whom  tht-y  aru  iudetted,  and  the  output  divpu.  From 
the  beginning  of  July  untU  November  the  cidttvation,  and  then  the 
religivuB  tegtivala,  keep  the  output  low.  I-'rom  Novtmber  till  June 
ftiUowing  the  iiunt  of  the  wul  ia  raised.  Cheap  rice  makes  labour  sauxv, 
as  8  native  will  not  work  if  ho  has  enough  to  eat  without  it.  Scurdty 
tills  the  mines  to  overawing.  Still  the  geueral  state  is  "  wont  of  labour." 
It  will  probably  take  many  years  tu  train  up  a  eet  of  miuerE,  who  will 
follow  nothing  else  hut  mining  as  a  prufcsgion. 

The  lamps  used  by  the  natives  arc  bita  of  earthenware,  on  which  a  little 
oil  is  puured  and  a  wick  laid,  the  cud  of  which  is  lighted.  There  is  no  fire- 
damp. Vcntiliitiun  m  nuluiul  and  easy  from  the  uumbor  of  ahafta.  It  ia 
only  in  the  deeper  ones  that  an-angemonU  are  made  for  producing  and 
directing  the  air  euncniA. 

Machinery  is  being  largely  introduu^iL  The  engitica  arc  of  second 
motion  type,  either  &>:ed  or  eemi-[K>rlable.  The  largest  pair  is  a  puir  of 
18-iuch  cylinders,  by  Fowler.  This  tiniihus supplied  ii-ou  pit-head  I'rameB, 
and  these  with  wire-rope  guides,  signals,  etc.,  have  begun  to  give  the  coal- 
held  ^uit«  im  Kiigliidi  appearance. 

The  writer  trusts  that  the  iki[>it  will  have  been  inturestiug  and  brief, 
at  both  of  which  he  has  aimed.  The  amount  of  matcrinl  nt  hand  was  very 
great — the  difticiilty  was  to  condeuse  it.  The  coiiditiuii  ot  Jndian  tiiiners, 
their  customs,  religions,  and  character,  would  (111  a  large  buok  ul'  it^lf, 
and  Ix!  ttiuroughly  interesting.  He  trusts  that  the  members  of  the  Insti- 
tute, who  uuw  uccupy  positions  in  the  Iiidiaii  uuat-lields  of  liauigauj  and 
Kerbuddlis,  C(jid-lieldB  much  larger  and  earlier  devcJojjed  tiiaii  the  oue 
descriliwl,  may  lie  prevailed  on  to  give  an  account  of  the  disiricta  in  which 
they  have  laboured  with  success. 


u 


THB   KUBUrRBALLSK  CUAI^FIKtJ). 


The  writer  tins  to  express  his  oblipntions  to  Mr.  Ernest  Cook,  B.Sc.,  of 

the  BrULol  Mining  Sch<K>l.  fur  his  ai>aUtaiice  in  the  annljraes  of  these  coals, 
and  to  Ur.  Albert  IIcQshitir  for  hia  aHaistunoe  in  getting  the  plans  reodjr. 


Mr.  JoQN  Cooke  askvtl  Dr.  Saise  whether  tbe  rioc  voa  not  ilisailoored 
when  it  came  in  the  retiirii  ami  vaggotis  ? 

I>r.  Saise,  in  replj,  sniii  the  waggooa  were  swept  oat  before  tlie  rice 
and  uther  iiiatJiriiU  vivtv  put  into  them. 

Mr.  T.  W.  Urniwn  said,  he  had  great  pleasure  in  proposing  a  vote  of 
thanks  to  Or.  Soisc  for  his  very  interesting  paper.  It  ftp[ie«rcil  tlial  vven 
in  Uie  remote  district  treated  uf,  Uie  working  uf  oullieries  vus  not  altogether 
fkw  from  the  difficnities  cuniplainod  uf  in  this  neighbourhood.  Ho  hud 
It8t«ned  to  the  paper  with  much  interest,  and  regretted  Uiat  tlie  aitend- 
■noc  of  m^nbera  was  not  larger.  No  douht  Uiat  was  uwing  tii  averjr 
great  nnmber  of  the  meinl<en  heing  awajr  frx>m  home  at  thb  period,  and 
also  to  the  fact  that  one  or  two  other  gatherings  of  a  similar  nature 
were  being  liuld  Bimullune<JUBly  in  tlw  district. 

Mr.  JoK2i  CooKB  aooonded  the  vote  of  thanks,  whieh  aiis  carried 
nnanimoosly. 


LUMINOUS  PAINT. 

At  the  invitation  of  Pr>rc8»jr  Frvire-Marreco,  tlio  members  procecdod 
to  the  LaboratLirjr  r>f  tlie  College  of  Physical  Heience  and  were  there 
shnvn  a  spwinien  of  the  new  Luniinoiis  Paint,  the  Profe«or  explaJQing 
the  aoine  and  the  vnrioiis  uses  to  which  it  cuuUl  be  applied. 

Tbtt  meeting  then  tcrmioated. 
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HEMATITE  DEPOSITS  Or  WEST  CUMBERLAND. 
(SUPPLEMENTAKY  PAPER.) 


Br  J.  D.  ERNDALL. 


In  the  writer's  paper  on  tliis  subject,  published  in  Vol.  XXVIII.,]HiBe  103, 
of  the  Institute  Traiiaactions,  a  number  of  reasong  were  given  for  oon- 
wdering  the  deposita  io  the  Eakdale  granite,  the  Skiddaw  Blules,  and  the 
Tolcanic  lavas  and  aaht-a  of  Borrowdale,  ns  having  been  fumicd  hj  aprocesa 
of  replacement. 

In  the  disuassioD  which  took  place  afU:rwnrde,and  which  wm  recorded 
ID  the  same  Tolumeof  the  Transactions, page  219,adoiibtwa&cntertaincd 
bj  aome  of  tlie  speakers  na  to  the  poasibility  of  snch  a  replnccmcnt  as  wofl 
suggested,  and  nn  attempt  wiis  coiiBftiuentl;  made  hy  the  writer  in  reply- 
ing to  Bhow  the  modtts  o^JWAM/Ziof  the  process  hesijggcstcd.  Attliatrime 
no  evidence  was  adduced  iu  support  of  the  indirect  or  double  replacement 
proceas  which  it  whs  contended  hiul  prudiia-il  the  dcptiKite  of  liifiiiatite  ia 
the  siliceoM  and  aluminous  rotkB  Vfore  meniioiicd,  for  the  Bimpic reason 
that  none  had  been  observed.  Since  then,  however,  the  writer  has  met 
with  cvideucu  whicti  he  cunaiderB  to  be  of  great  iiitere8t,and  which  at  tbc 
same  time  he  believes  is  whotlj  in  favour  of  bis  eiplanation. 

The  evidence  apoken  of  ts  to  be  met  with  in  Kskdale,  on  the  south 
side  of  the  valley  ojiposite  Boot.  The  granite  and  volcanic  lavas  and 
ashc-a  are  there  tn  horizontal  contact,  and  they  are  Uith  traversed  by  several 
veins  of  hematite,  bearing  nearly  north  and  8out.h.  These  veins  uk  aimilar 
to  thof«e  prcviouely  deseribed,  and  have,  tike  them,  the  same  direction  and 
"  bade"  as  the  principal  joints  of  the  rocks  in  which  they  occur.  Parallel 
to  these  bcniatitc  veins  there  are  several  veins  of  a  minei'al  that  was  shown 
to  th«  writer  as  spathic  iron,  but  which  he  suun  discovered  to  be  nothing 
more  than  a  carbonate  of  lime  and  magnesia.  Ttic  fortn  and  inner  nature 
of  these  veins  arc  eiaetly  similar  to  those  of  the  hematite  vcius  previously 
described.  Near  the  c(.<Dlre  of  them  the  limey  matter  is  comfiianiUvuly  fhw 
fixjm  mechanical  admixture,  bnt,  like  the  hematite,  it  heeonicB  mixed  with 
oon&tty  rock  as  the  "  cliecka"  are  approached,  no  matter  whether  Ihooe 
checks  be  granite,  or  lavas  lUid  ushcs. 
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Belovr  ia  a  wctios  of  purl  of  one  of  these  Tcins  in  the  latter  rocIcB, 
taken  near  the  cho^  to  show  liow  the  limey  matter  there  becomes  mixed 
n-ith  tho  oountrj  rock.  This,  it  vrill  be  remembered,  ia  also  a  feature  of 
hematite  veins. 
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The  nrritor  voaM  aldo  call  attention  tolheparallolism  ofthejoiiitaand 
the  diflcrcut  ports  of  the  UmcjdrpofiitaAKhown  in  this  flection.  The  same 
thing  holds  good  when  the  vein  is  taken  aa  a  whole,  a  faut  which  it  mil 
be  iwncmbcrcd  waa  pointed  out  hy  the  writer  aa  being  presented  by  all 
hematite  veins.  Indeed,  were  hemadle  sobstitnt^  for  the  carbonQte 
of  lime  and  magoeaia,  them  reins  vonld  be  indtstingniahable  tnax 
the  veins  of  hemnlitc  that  arc  to  be  eccn  now  in  llieir  immodiate 
Deighbonrhood.  The  writer  would  submit,  therefore,  that,  the  same 
salt  of  iroQ  which,  he  contenda,  totadon  the  carbvnifcroua  limestone  (o 
prodnce  the  hematite  deposits  in  that  formation,  has  only  to  be  brought 
into  contact  with  Che  limey  veins  in  the  granite  and  tbe  Tolcflnic  lavaa 
and  aahea  of  Kdkilalv,  to  form,  tn  Ihoae  rooks,  reins  of  hcmatit«  similar 
to  those  now  found  therein.  That  snrh  waa  tho  way  in  which  hctnatjto 
veins  were  formed  in  silicenns  nnd  alnminons  rrcks  generally,  is  reodered 
highly  prubable  by  the  fact,  that  in  these  limey  veins,  endceed  reins  of 
hcmaiiio  ore  sometimes  found  holding  such  relation  to  the  timey  matter 
aa  to  leave  no  doabt  whatever  that  the  Utter  preceded  the  former. 

Bdow  is  an  aiialysis  of  some  ore  taken  from  tho  KabgUI  rein.  The 
Iwge  pCTceotf^  uf  time  in  it  la  Tery  cnrioaa,  bnt  it  strao^  aupporta  the 
atotemuuta  modu  by  tlic  writer  in  rcplying  («•  (l»c  oritlcamn  on  bU  i>«|)or  t— 
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Profenor  Lebouk  taid,  lie  wished  to  take  Unit  upportunitj'  vf  making 
a  few  rcmarka  iiimn  Sfr.  KptidallV  pnptT  as  tii  tlm  origin  of  Hematite, 
bumase  on  Ihc  occasion  of  Mr.  Kendall's  rending  the  ori^nal  papcv,  he 
(Professor  I^}  l)a|)iici]cd  to  come  in  iifU>r  thu  pajxT  wus  rcud  aud  nl  tbe  end 
of  the  diiicuesion.  Now  timt  ho  hail  rend  the  paper  carcf\illy,  he  found 
Mr.  Kondall'R  theorj-  conaisted  in  this — that  liu  mipjiose*!  tlmt  a  boUi- 
tioQ  of  perchloride  of  iron,  cfmiiiiK  in  cyntact  ciLhor  with  hmcBtone, 
granite,  nJafce,  or  lava,  inntantly  alters  the  rock  into  a  precipitate  of  red 
peroxide  of  iron.  How  tliis  singnlar  procwrdinn  take*  plsce  in  exactly 
the  »amc  waj,  whatever  bp  Lhc  compfjsition  of  the  rock  acted  on  by  the 
Bolutton.  was  so  incomprehenBible  that  one  coiiUl  ycarcely  cnidit  that 
this  vetm  really  Mr.  KeTidaH'9  theory.  Bnt  an  honr  before  the  ina-ting-  he 
looked  up  Mr.  KeDdallB  paper,  and  that  gentleinan  hini»;lf  said  m  m  so 
many  wonls.  Hi;  naid  that  if  a  piece  of  ch:ilk  he  put  in  a  Knhuion  of  |icr-- 
chlortde  of  iron,  the  c-lialk  is  ii)fit»utly  attacked,  and  a  red  prc-<*ipitatc  of 
peroxide  ofiron  was  obtained:  andheguidthiit  that  is  exactly  what  hajipeiis 
when  the  eanie  Bait  nf  inm  is  placed  in  conUct  wiih  slttt4!  or  witli  granite ; 
and  when  it  came  in  connexion  with  the  lavaa  of  chc  lake  district.  He  ad- 
mired Mr.  Kendairs  pap^T  (.-xta-mely ;  m  fur  as  thv  description  of  the  deposits 
i8concerntrd,LtwaaoncofiU«liiMtiiai«rathcy  hndeverhadi  andthedeBcrip- 
tjons  and  ciireful  drawiiitrs  of  the  veins  and  the  pockets,  and  of  the  odd- 
shaped  repofiitories  in  which  the  hematite  is  found  were  beyoml  all  praisej 
but  the  theory  wliidiMi".  Kendiiil  bases  upon  tliemwiis  opposed,  he  thuufjht, 
to  every  gcoiogical  experience  at  any  rate,  and  he  would  like  some  chemist 
to  give  his  opinion  un  it  frum  a  uliemioal  point  of  view.     But  fVoin  the 
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geologicAl  point  of  new,  he  thonght  that  evof  yl^llft*^  ifOidd  tffrae 
with  hiiu  in  suyiug  tbul  how  the  livmulitu,  wludh  it  fbanl  bl  tlie  North 
of  England  6Uing  ap  rucaacJeB  ia  the  rocks  oFa  certain  age,  was  deposited* 
WHH,  nt.  present,  unknown,  bnt  that  probably  it  vas  not  aooording  to  Mr. 
Kendall's  thcoiy.  Old  carcnu  were  found  iu  the  Hnicstotus  fiUod  up  with 
hematttc.  Fntilt^  and  fuBurcs  in  rooks  which  were  not  of  limtatonc,  sach 
IS  alato  nnd  laraA  and  gramV,  and  m  on,  were  abto  filled  up  with  hematite; 
and  these  he  thought  c-jvM  not  poHsibly  have  been  so  lillcd  up  acixirding 
to  Mr.  Keiidull'ii  Iheory.  lu  thu  very  drawing  which  Mr.  Kendidl  gave 
aa  mpporting  his  tlicory,  there  were  a  nombcr  of  &ct8  which  militated 
ugairi»t  it.  In  Uie  woodcat,  page  SB,  there  was  delineated  a  vein  of 
calcite  and  carbonate  of  uuigncfla,  which  he  loo]a>d  upon  aa  nproBenting 
what  a  hematite  vein  was  before  tite  inlrodoclion  of  the  hematite ;  there 
was  a  simple  rejireaentation  of  a  typioal  rciti  of  aiij  »ort  of  ore,  and  thoM 
lumps  uf  country  ruck  in  tbe  middle  of  the  vein  wun<  simply  the  horaea 
of  the  country  rock,  such  aa  were  found  in  almost  every  vein ;  and  when 
these  hones  were  fomd  they  did  not  alwa}**  occnr,  aa  Mr.  Kendall  seemed 
to  aasome,  as  bontders  tumbled  at  bazaixl  in  tbe  vein,  bat  often  as  portions 
of  country  rock  in  aiiu.  There  i\tis  a  great  deal  of  miBcbicf  sumetimea 
done  by  a  single  transverse  section;  in  that  illustrnting  Mr.  Kendall's  pre- 
sent remarks  it  ia  not  known  that  the  apparent  buuldcrs  nre  really  detached 
bouldcra ;  it  is  not  known  whelher  they  may  not  diverge  m  a  pUine  at 
right  angle*  to  the  diagi-am;  it  ianotlaioi\-n  whether  if  they  were  followed 
in  that  direction  Ibey  would  not  be  found  joining  the  country  rock  nod 
forming  part  of  it.  He  hoped  that  on  the  whole  they  would  reject  Mr. 
Kendall's  conclusions,  and  ac<«pt,  with  very  many  thanks,  his  facta,  which 
hu  believed  vam  all  perEeccly  correct  and  of  tike  gT«at«it  pooible  Talne. 

The  PuKtuuKNT  said,  it  seemed  to  him  lliat  in  trying  to  aooouut 
fco-  a  thing,  people  sometimes  put  thenuclTcs  in  greater  difficnlties 
than  betore.  If  they  accounted  for  the  deposition  of  hematite  from  a 
perchloride  of  Iron,  Uiey  mnst  ask  in  the  first  Instatios  whnv  tbe  iwrdiloride 
of  iivn  came  from,  and  in  fact,  where  were  the  perchlorides,  or  muriates, 
or  wbutover  they  might  happen  to  be,  which  would  be  formed  during  the 
time  of  the  deposit  uf  the  bematitc  froxa  perchloride  of  iron.  He  Ijuided 
that  these  were  much  more  diflienlt  questions  to  answer  than  the  simple 
(question  as  to  where  the  hematite  came  fhwi.  Did  that  not  occur  to 
Protoor  Lebour? 

Professor  Lkboub  said  bo  quite  agreed  with  tbe  remarks  of  the 
President. 


Tbs  Smirrjiuy  then  read  tbe  foUun  ing  psper 
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It  having  oume  to  tlie  notia>  of  seruml  mcinlx'rs  of  the  InstiLnt?  that 
li^tning  hud  been  stateA  to  have  entered  TanfioM  Moor  Colliery  on 
Monday,  July  I2th,  I8H0,  nnd  trarensed  the  wvrkingii  Ja  several  directiona. 
Mr.  William  Joicey  kindly  gave  tlmiii  {x-nninsion  to  examine  the  «'ittics(W0 
of  the  occnrrcncc  miil  the  workings  of  the  colliery  ao  that  a  complete  and 
aocnnite  report  could  b«  drawn  up  of  the  circunwtnnce ;  and,  on  the  SOtli 
July,  1880.  Mr.  C,  Ikrkley.  Mr.  J.  B.  SimpBon,  Mr.  W.  IT.  Hedley,  and 
llie  Secretary  went  out  to  the  a>lliery  uid  wca-  im:t  by  Mr.  W.  Joicey, 
oat  at  the  owners,  Mr.  Prin^le  the  viewer,  and  Mr.  ArklcM  the  rcudent 
viewer  t  and  the  following  Btat4.'nient  is  a  record  of  the  information  then 
obtained : — 

The  top  of  the  working  shnft  at  this  Colliery  is  SG  fathoms  from  the 
Shield  Bow  Seam,  aiid  Plate  VHI.  shows  the  amuigemenls  at  the  bottom 
irf  Che  shaft;  Fig.  1,  Plutu  IX,,  shows  the  pkn  of  the  wurkinjE^;  and  Fig.  2 
•bom  a  Rcction  tbrtiugh  the  north  incline  way  nnd  the  eonth  engine  way; 
both  plat«s  show  the  position  of  the  different  witneeEcs  at  Che  time  of  the 
appcaranwi  of  the  lightning  ;  and  Platv  X.  shows  tlieimsition  of  the  pipee, 
ropes,  and  signal  wires  in  the  shiift.  It  will  be  seen  by  those  plans  that  the 
Incline  Bank  leads  northwnrds  from  the  working  shaft  and  ultimately 
readies  the  duy  by  a  drift  at  X,  and  a  little  to  the  aonth  x>f  this  is  an  up* 
cast  shall.  The  Engine  way  iead«  eouth  tVom  the  working  ehafl,  and  goes 
in-bye  to  the  goaf  at  Y.  It  will  be  remarked  that  between  this  goaf  and 
the  working  ahaft  there  are  two  down-oaat  ulialta,  one  of  which  is  to  the 
south  of  the  furthest  witness  at  Ihis  part  of  the  pit.  (torn  what  can  be 
gathered,  the  lightning  jmsBcd  do^-nt  the  working  shaft  and  struck  the 
6at-8heet8  and  then  divided  itself  into  two  jmris,  ooe  of  which  went  north 
up  the  Incline  way  and  probably  passed  out  to  the  day  at  X,  where  it  ia 
supposed  to  Iiave  left  truces  of  its  exit  in  marks  upon  a  bank  of  rubbish 
near  by.  The  other  part  went  south,  along  the  Engine  way,  bwt  after 
passing  Che  point  B,  where  it  wan  noticed,  its  further  coarse  is  not  kno'n-n : 
tJie  thill  of  the  seaui  is  comjKiscd  of  »Dfl  sagger  and  the  roof  of  strong 
post,  both  of  which  ivoukl  otlcr  great  obsti'uction  Lu  the  absorption  of  the 
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deetric  fluid,  and  the  probability  is,  that  this  portion  of  the  flnid  had  been 
diwipAtal  ill  the  guaf,  or  Lad  t'oroed  aa  exit  hy  way  of  the  down-cast 
ahaft,  No.  3. 

The  foUowinjf  evidence  was  taken : — 

JOSBPB  KiRTLEY.  back  orerman,  said,  that  on  Monday,  the  ]3lh 
July,  about  3  o'rhwk  p.m.,  he  was  on  the  north  itid<-  of  the  ahail,  about  six 
yards  frvnn  it.  A  liglit,  distinct  but  not  very  bright,  fell  and  struck  the 
tlHt-ahtx-ts.  and  KpHt  up  iuto  sewml  bghla  like  a  lot  of  h^hlvd  niatebt^. 
Ho  oould  only  sec  the  hght  fur  a  moment  among  Hxv  tub  wheels.  It  struck 
the  pulltT-out  William  Wat«on,  who  said.  "  Man,  aotni-tbing  Htruvk  ine  on 
Uic  arm ;"  he  complained  that  hin  arm  \va»  numb.  The  onscttcr,  James 
Offbrdi  II.  MuGiu  and  Wilfa>d  Iteay,  driventt  and  John  Burdia,  who 
tuinds  the  draga,  also  saw  it.  Watson  t^dd  Kirtloy  afkrwank  that  when 
ho  got  home  his  left  arm  from  the  wrist  to  the  elbow  was  quite  yellow, 
lurtk-y  Kiid.  "Tbut's  lightuiug:"  and  the  ousetter  said  tliu  euiw.  A 
heavy  peal  of  thunder  was  hcani  very  distinctly  almost  at  the  same 
moment.  Ko  injury  wna  done  either  in  the  shaft  or  on  the  road  where 
the  lightning  was  said  Lo  have-  jiassed.  lie  could  liken  it  to  notliing  better 
than  a  box  of  matdies  all  struck  at  oucc. 

Jaxbh  OrruBD,  onaetter.  said  that  on  Monday,  the  iSth  of  Jnly, 
about  a  ijuarter  or  half-past  three,  ho  was  at  the  nhafl  bottom  un  the 
north  side.  He  had  just  sent  the  vest  cage  away  and  hod  his  back  to 
the  pit,  perhaps  two  or  three  yards  from  it,  taking  hold  of  a  tub  to  bo 
ready  to  set  it  on  in  tlte  next  cage,  when  be  beard  a  cnick  bke  the 
n!^)rt  of  a  sainll  pietol,  and  saw  a  light  elose  tn  his  feet.  He  was  un  the 
north  side  of  the  ]iit.  William  Watson  was  standing  on  the  o|>pocite  side 
of  the  pit,  and  BLW  the  fire  Etrt!:e  the  Hat-sheets  and  make  its  way 
towards  Uie  Kunh  Incline.  He  also  felt  aiiotlier  ixirt  go  |»ist  him  to  the 
south.  He  hi-ard  a  heavy  pvul  of  thunder  nlmoAt  immediately  on  U»c 
light  being  seen ;  did  not  reoullect  erer  hearing  such  a  heavy  peal ;  he 
never  notiecd  lightning  come  down  the  pit  before.  The  slides  fn  the  jrft 
are  all  of  wood.  There  arc  two  seta  c^  steam  pipes ;  they  como  ft-om  bank 
tUHfer  the  l)ca|i-stead  and  down  the  pit,  and  go  into  the  souUi  side  just 
over  Miu  heiul  '.-f  the  pulkT-onl, 

WiLUAH  Watwis,  ii  years  uf  age,  pullcr-ont  at  bottom  of  pit,  said 
that  on  Mviuday,  a  furtnight  past,  he  waa  standing  with  his  left  hand  on 
the  empty  tub  that  he  IiikI  pulled  uuL  He  raw  a  fiaati  of  light  come 
down  and  heard  a  noise  like  a  gnn ;  he  would  be  two  and  a  half  yank 
Ihmi  the  piU    It  struck  on  tlie  pha«,  or  fiAt-ebeeU  to  (he  uorili  of  the 
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aide  he  was  stanilin^  on,  Ue  felt  grtmcchiTig  strilce  bira  on  the  arm, 
and  Mw  the  light  divifle  when  it  iitrurk.  Ris  ami  was  nnmbwl  for  a 
time  afl«r,  whicti  niudc  liim  think  that  (jtirt  went  [laut  Uim.  Uu  liud  the 
numbness  all  tbo  oilcmoon ;  he  felt  something  go  nit  over  him.  When 
he  went  homo  flnii  got  waiihed,  his  arm  was  yellow  from  the  wriet  to  the 
ellww.  His  siflttT,  Ann  Waiaon,  who  I'a  about  21  yenre  of  agp,  saw  the 
arm  was  yellow,  hut  no  one  else.  He  hod  no  pain  in  it  afkrwards.  lie 
heard  a  heavy  peal  of  tliuader  immediately  after  the  light  fell.  The 
light,  whci]  it  etruck,  seemed  very  iiright,  but  he  did  not  notice  it 
brighten  up  the  place  to  any  distonce. 

The  cvidcnre  of  tlie  five  following  witnesscB  relates  to  the  portion  of 
electric  fluid  which  wan  observed  to  go  up  the  North  Incline  : — 

TnoHAH  Crist  aaid,  he  was  a  deputy,  and  on  the  attemoon  of  July 
12lh,  the  Monday  previous  to  the  Uiutu  explosion  (which  occurred  on 
Thursday,  July  1  Tith),  he  was  on  the  north  side  of  the  pit,  about  SO  or  30 
yards  firom  the  top  of  the  Inclint;  bank,  in  company  with  John  Greener. 
(0,  Plate  IX.J  They  were  bringing  dowu  a  tram  iised  foi'  caixyiug  limber 
ntton  the  electric  Quid  passed.  Greener  had  his  hand  on  the  tram  hut 
he  had  not.  He  (Crisp)  pnw  sf^mething  like  n  l<jt  nf  fire  flying,  and  he 
thoQgbt  the  tram  had  cut  tlie  joint.  It  wu  lUfc  as  though  a  i^noti 
bad  trodden  ujHtii  matches  and  they  had  gone  off.  Oreeuer  saw  it  as  well 
oa  he.  They  then  Llionght  there  had  been  a  foil  upon  the  rFiilfl,  but  as 
they  proceeded  down  tlie  Ijaiik  no  fall  was  to  be  Keen,  llie  Ore  nunc 
right  up  to  the  inclined  plane ;  it  seemed  a  little  larger  ttiati  the  light 
of  a  candle,  aud  came  close  by  the  tram  where  he  was  atonding.  To 
the  best  of  his  judgment  it  came  -ilong  the  mctalf^. 

JosN  Gbeeker  said,  tliat  when  going  down  the  Incline  with  Qrisyi,  aud 
bsTiug  hold  of  the  tram,  ho  saw  a  light  on  the  rail  about  twenty  yards  off, 
about  the  size  of  a  candle,  flickcaing,  Dc>t  steady.  It  appcflred  to  travel 
along  the  rail,  and  as  it  passed  the  tram  it  made  a  noise  like  the  crack  of  a 
pistol,  which  he  thought  proceeded  I'rom  matches  or  something  on  the  way 
tliat  wa«  cracking.  Re  saw  it  iiret  fifty  or  sixty  yardu  before  it  came  to 
where  he  was  standing.  Thty  were  not  far  from  a  guiding-wheel  which 
ubangcd  tlie  diic-ctiou  of  the  rope,  and  there  were  men  wurking  at  the  wheel 
both  east  and  west  iu  a  new  place  recently  ceimuienced.  He  had  rui  idea 
that  it  was  lightuing  as  it  flashed  past;  tbcy  bad  never  seen  such  an 
qipeorance  before. 

In  answer  to  some  remarks  from  the  viaitore  it  was  elicited  that 
the  rails  were  fished ;  that  it  was  not  noticed  if  the  lightning  came  down 
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the  mils  ar  Ltic  rupe;  tliuL  it  viui  a  ttelf-auCiiig  inoHiie;  it  tru  a  Bickering 
nnstesuiy  HkIiI  that  (ireener  uaw  whii-Oi  was  post  in  a  second ;  there  was 
a  noise  u  it  came  to  the  tram  aa  of  a  pistol  or  gnn  shot ;  it  was  not  very 
loitd,  and  a  similar  noise  was  heard  as  it  Icfl  the  tram  ;  the  metallic  cod- 
Uct  might  bare  boon  broken  by  a  fish  plate  being  off.  Crisp  said 
that  he  did  not  think  of  its  being  lightning,  but  supposed  that  matcbM 
bad  been  dropped  which  crackled  as  th«y  went  off. 

NinroLHOs  Watso.v  siiid,  he  wan  goitij^  up  the  Incline  hank  and  met 
Crisp  and  Ciret-ner,  his  feet  were  on  tho  rail,  and  he  sair  a  light  go  dose 
past  them,  wbieh  sc-ctnod  to  namb  tliem  for  a  sbcrl  time ;  as  it  paned  it 
VIM  like  the  epork  and  noise  from  the  cap  of  a  pistol  when  exploded. 
Tlicrc  was  a  wheel  near  and  two  men  hewing  cloae  to  it;  he  vent  to 
the  men,  nbo  said  they  hud  heard  a  great  noise,  wliich  they  tliought  had 
been  caiisi-*d  by  the  electric  light  beiag  tried  at  bonk.  Two  hcwcn  at  the 
bank-head,  TVilliam  Athey  and  John  Brown.  tt^Id  him  they  had  heard  a 
report  going  off  like  a  gun,  and  bo  remarked  to  them,  "  They  are  trying 
the  electric  lights  fVom  bank."  but  ho  did  not  think  of  its  being  lightning 
till  be  got  to  the  shaft. 

JoHs  lUoAX,  a  putter,  said,  he  aaw  lightning  come  along  the  plates. 
(D,  Plate  IX.)  It  caught  him  as  it  passed,  giving  him  a  sort  of  queer 
feclin)^  in  the  legs ;  it  made  a  sharp  craeking  noise  in  lJ)c  plates,  like  « 
gUD  ;  it  paasod  him  is  be  was  going  doMii  with  his  pony.  lie  had  seen 
matches  put  on  tlio  rails  to  be  eiploded  hy  the  trams  paaeing  over  them— 
and  the  appcaranoe  was  like  that  caused  by  the  trams  going  over  the 
matches.  He  thoaght  it  was  lightning  at  Erst,  before  any  one  bad  tima 
to  tell  him,  because  of  the  fceliDg  about  his  \c^  Where  be  was  standing 
the  rails  were  about  4  feet  long,  not  lished,  and  with  a  good  space  botwwn 
them. 

TiioiuB  Spruco  said,  he  was  a  hewer  on  the  mirth  side,  and  was 
working  about  fifty  yards  fh)m  the  bank-head.  (D,  Plate  IX.)  He 
beard  the  notsu  and  went  a  few  steps  back  Brom  wba%  he  was  working. 
He  aakcd  Ibe  lad,  John  Ui^n,  what  it  was,  and  he  rcjdicd  it  wsb 
lightning.  Ue  thought  it  was  a  fall  of  stone  at  iJ)e  bank>hcad,  and  to 
be  sun  that  there  was  no  on«  hurt  be  went  out  to  sec. 

The  statements  of  tho  four  following  witncaca  relate  to  the  portion 
on  the  sooth  aide  of  tbe  shaft. 

OioitOI!  Crisp  said,  ho  was  a  siding  minder,  and  was  about  6lly  yards 
from  the  shaft  (A,  Hato  IX.)  Ue  beard  a  cracking  noise,  and  saw  a 
bcjgilt  light  and  flash  of  6ni  agBioat  the  big  binding  ahean  (two  feet 
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(liameWr)  like  five  or  six  matches  going  off  at  once.  All  tli*;  tubs  near  at 
hmid  were  at  rest  at  the  time.  Ho  had  seen  matches  plained  on  the  mil 
aud  exploded  by  the  trams  {inaiung  over  thoin,  but  the  light  and  noiw 
could  not  be  explained  in  Ibis  way  now,  because  there  were  no  tabs 
rnnning  hy  at  the  time. 

Mattiikw  Haiidt,  said,  b«  was  an  engine  ftalter,  and  worked  cloee 
to  the  shail;  was  about  100  vards  nloug  the  shaft  eidiug  »hen  Iir  saw 
a  light  like  a  spark  from  a  lamp,  and  tlicre  was  a  noise  like  a  matL-h 
being  Btmck  hy  »  tub  passing  {.ncr  it.  It  was  a  eust^jiii  in  the  pit  to 
place  matches  on  the  raUa  at  intervals  of  a  yard  or  two  apui-t,  like  tug 
signals  on  a  way.  The  light  appeared  to  be  close  to  him  on  tlie  rope, 
which  was  running,  bnt  he  did  not  notice  the  direction  in  which  the  light 
passed. 

Oeorob  Nicholson,  roUoywayman,  said,  he  was  at  the  ontbyc  aide  of 
the  junetiuu,  700  yards  south  of  tbe  shaft.  (B,  Plate  IX.)  He  saw  no 
light,  but  heard  a  report  as  if  a  mim  had  struck  a  plate  a  sharp  blow 
with  a  hammer,  although  it  could  not  have  been  that,  as  there  was 
nobody  about  but  himself  aud  Miller. 

Joux  Pyi<b  said,  he  was  the  set-rider  on  the  south  side.  (B,  Plato 
IX.)  He  was  aboot  700  yards  from  the  shaft,  near  the  junction,  changing 
the  Tx)pes,  aiid  was  just  going  to  the  siding  when  he  heard  u  noise  like 
somebody  striking  a  match,  or  louder  than  that,  but  he  saw  nothing. 


The  gentlemen  who  hare  conducted  this  inquiry  do  not  deem  it 
necesBary  to  tauke  any  comment  upon  the  evidenw,  hut  simply  to  remark 
that  they  have  every  reasijD  to  believe  that  the  facts  recorded  by  the  several 
witocBses  are  in  every  way  to  be  relied  upon,  and  that  the  information 
thus  obtained  forms  u  valuable  record  *if  the  ocsjun-ence,  and  places  Iwyond 
doubtthepoBsilulity  of  lightning  [Kinctmting  into  the  workings  of  collieries. 
All  ftirthcr  obscn-ations,  which  can  only  be  based  on  conjecture,  it  is 
considered  had  bettor  be  made  during  the  disaiasion  after  the  ooramumca- 
tion  has  been  read,  which  it  is  hoped  will  be  taken  up  by  some  of  the 
members  of  the  Institute  who  have  made  electricity  their  special  study. 


The  PRMtDRirr  said,  this  was  an  inquiry  of  very  great  interest.  It 
was  not  entirely  a  new  one,  because  siiggestiouB  had  been  made  long 
since  as  to  the  possibility  of  lightning  prothicing  cxploeicns.  The 
question  came  before  a  Select  Cumuuttee  uf  the  Uuuse  uf  Commons  uu 
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Accidouta  in  Mines,  on  tbc  26th  of  Jnne,  I83S,  when  evidence  wm  tAken 
opou  the  poiuc.  Mr.  Oeorfte  Stephenson,  in  onswers  1705  lo  1733,  gave 
hia  vicirs  at  ^at  lengtli.  and  douhtod  the  po«tbjtJt;  of  gas  exploding 
undcrgronnd  by  llghtninc:.  llr.  J.  Bnddlc  was  (hen  examined  in  answers 
21*J1  U)  2i}l,  and  taid,  amongst  other  cvidc-uoc:  that  "  the  Lait-son  Main 
Pit  was  expludud  hy  thv  lightning.  The  pit  was  npwards  of  70  fatboniB 
deep,  and  waa  not  partitnlarly  fiery.  The  eiplogion  took  place  at  or 
above  the  Kurfaoe.  I  liapi>ened  to  b«  near  the  pit  during  the  thunder* 
storm.  A  flash  of  lightning  espluded  the  gas,  and  a  very  heavy  explueion 
immediately  ensned.  I  cannot  Btnte  Iho  interval  between  the  ilash  and 
the  gaa  being  jMroeived  to  be  igmt«d,  but  I  undt^ratood  it  to  be  ioataO'- 
taneons.  I  know  a  buA,  recorded  by  my  Tatliur.  of  tJic  engiuo  pump 
having  acted  w  a  conductor  and  carried  the  electric  fluid  to  the  bottom  of 
the  pit ;  hnt  I  do  not  know  it  of  ray  own  knowledge.  My  father  saw  it," 
The  mcettiig  would  be  (rxeecdingly  glud  if  any  gentleman  would  be  kind 
cnongh  to  favour  them  with  any  uptniun  on  the  matter,  or  witli  any  facta 
which  had  come  before  them. 

Mr.  A.  h.  Stiuv£Kiwn  said,  he  remembered  hearing  about  ten  jeara 
ago  of  a  circumstance  uf  a  similar  kind.  It  waa  told  to  Iiim  (hat  the  boys 
at  the  Riding  about  a  mile  in-byc  at  the  Page  Bank  Pit  had  seen 
lightning  running  along  tliu  rails  at  the  time  a  litavy  thunderstorm  raged 
<m  the  surface  ;  hut  it  seemed  so  entirely  unlikely  tliat  he  touk  very  little 
notice  of  it  at  the  time  and  made  no  inquiry.  When  be  saw  tlic  notice  of 
the  Committue'a  report  uprm  the  agenda  paper,  however,  the  drcnmnance 
immediately  recnrred  to  him,  and  he  would  take  the  opportunity  of  trying 
to  get  some  evidence  un  the  subject.  The  diffiouky  which  occurred  to 
his  mind  at  the  time  was,  that  the  lightning  should  run  along  the  rail* 
and  do  no  harm. 

Mr.  May  said,  he  liad  had  a  tittle  experience  connected  with  the  action  of 
the  electric  fluid  underground,  which  might  be  interesting  to  the  membora. 
In  this  ])artiealar  casL-,  at  Tanflcid,  it  was  stated  that  tliv  lightning  went 
down  th(^  pit  and  went  along  the  rails  or  along  the  rope ;  \mi  the 
difficulty  was  to  know  what  became  of  it.  At  Botdou  C<4licry  they 
fitted  up  some  electric  bells  about  a  mile  IVom  the  shall,  and  Llic  electricity 
oonld  not  bo  got  rid  of  after  it  bad  been  used  fiv  the  working  of  the  belU, 
tiw  bella  themaelvea  ceasing  to  work  in  oooaeqtwaoe.  Vltimattty  they 
tried  to  get  rid  of  it  hy  fastening  one  uf  the  wirea  (o  the  rails  and  thna 
endeavour  to  take  the  clectriniy  ont-bye  again,  hut  to  no  purpose,  tmtfl  it 
was  discovered  that  about  200  yards  of  the  way  was  not  hsbcd  t  and  it 
was  this  break  iu  the  rails  wliicli  prevciiled  the  bells  working.    As  soon 
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u  a  tmsi]  piece  of  wire  wasattached  on  the  sno  yards  to  couple  up  the  Iciifjths 
time  were  nol  lulled,  tlic  Ik'IIs  vrcut  U>  vrvvk  tit  micx-.  E^-(;iog  tkr  dilliiTulty  »f 
getting  rid  of  lite  sninl]  (]iiiiiititjr  of  electricity  re(|uin.Hl  fur  tlie  Ixlla,  he  w&a 
led  to  ask  how  the  much  lar-^er  quantity  chat  went  down  the  Tanfield  pit 
wiiB  gob  rid  of.  At  Elarton  CoiUcry,  durinfc  the  late  severe  storme,  the 
lightning  stnick  Huiiie  wirus  which  were  nsed  for  connectiiig  die  electriu 
belli!  at  the  bottom  of  the  pit  with  the  engine  honsc  at  the  Farface,  and  it 
pened  along  ioto  the  engine  huu&e  and  fosed  all  the  small  wire«  npon  a 
telephone,  and  bu  piLteed  Lo  the  eiirtli.  Thu  liglitnittg  did  tiut  gu  duwn 
the  pit  at  all,  an  the  rcsifttanec  through  the  U'lephono  on  the  fturfooo  in  the 
emgina  honaa  waa  very  mach  lighter  than  that  wbicK  it  would  have  en- 
ooQDterod  in  haviag  to  go  down  the  pit. 

ProfcaBor  Uek^chel  said,  the  (jneatioii  which  accmed  to  be  a 
very  importAtit  one  wait,  what  beoune  ot  the  lightJting  when  it  entered 
a  pit  ?  And  it  waa  in  a  great  nieaaun:  answered  by  the  rcry 
excellent  paper  which  tliey  liad  heard  reatl,  and  which  he  thought  con* 
tained  mure  abundant  information  on  a  particular  gioint  of  a  very  interest- 
ing character  tbuu  he  had  met  uith  fur  some  time,  vt  had  ever  been  able 
to  fall  in  witli.  Tlic  paper  pJiowr-d  i|uitfc  dc-arly  what  was  the  nature  of  the 
occurrence  which  took  place  in  tlic  passage  of  the  fluid  and  certainly 
duBcrihed  a  dear  caae  of  hghtning  istrokc.  It  had  been  a  matter  of 
deliberation  with  him  for  a  long  time  whether  at^idcnU  of  this  kind, 
where  injnriea  were  done  to  inatruments,  might  be  prvduecd  without  the 
actual  stroke  of  tlie  lightning,  by  what  wait  ciilhnl  the  return  stroke.  A 
flash  nf  lightning  which  took  place  in  the  clouda  never  reached  the  earth 
at  all.  There  was  a  gi'eat  relJL'C  not  only  of  the  etruin  on  the  clouds  tbem* 
self's,  but  of  tliat  on  the  eurth  which  hud  sympathtaed  with  it ;  and  the 
rush  of  the  fluid  which  etrtamed  through  the  carih  might  bo  of  Buch  mag- 
nitnde  as  to  do  these  injimes.  If  the  water  pi|>efl  and  gas  pi[>G8  of  a  tuwn 
were  connected  together,  by  telegraph  wire  for  example,  tlio  largencM  of 
the  urea  covckmI  by  the  water  pipes,  ajid  that  covered  by  the  gn«  pipes, 
might  be  very  different ;  and  under  the  atlraclious  of  eli-ctricity  in  Iho 
clonda,  then  might  be  an  clectridty  of  one  kind  accuiuuluted  in  the  large 
area  of  the  water  pipes,  aud  of  the  other  kind  accumulated  by  influcnoe, 
or  indnction,  on  the  area  of  the  gas  pipes.  When  the  ri-ltcf  takes  place 
in  the  doudfl  these  two  electricitiee  uuite  tUemseivea  on  the  earth,  and 
the  passage  tlirough  the  telegraph  circuits  which  used  tlicse  earlliH  might 
be  severe  and  injurions.  He  had  ofVen  qneationcd  whether  there  might 
be  sufficient  strength  in  tbesc  return  strokce,  a^  they  are  culk-d,  to  do 
these   injuries.      He  doubted   it   now  ;  and   this  history  which   they 
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had  hvkt6  especial];  conrinccd  bim  tliut  the  accidonU  which  occur  rk 
really  strokcB  of  lightjiing — of  clcctriciiic-s  coming  from  the  clinid*  to  the 
earth.  Tht-n  the  question  nroac,  where  dot*  the  electricity  go  to  ?  And  the 
fact  joat  dtscribcd  by  Mr.  May  that  the  l)ell8  would  not  work  at  the 
bottum  of  a  pit  bvcnnsc  no  good  curth  could  l>e  found  there,  was  a  fact 
which  he  could  confirm  by  experience.  He  hiid  had  to  put  np  bella  in 
this  house,  and  hod  taken  tlic  earth  wire  to  alnioit  erciy  acocniblc  piece  of 
metal-work  in  the  building,  nnd  finally  even  tu  the  lead  tuid  gutters  uf 
the  roof,  without  being  able  to  find  earth  suffinicnt  to  work  tlic  licllg,  ontil 
be  tried  the  water  pipee,  and  in  joining  the  wire  up  to  the  voter  pipes 
il  found  good  earth.  Laboraiory  cleutricity,  howorcr,  diOers  alt^>gether 
from  lightning  electricity ;  not,  oa  was  auppoeed  by  Mr.  May,  in  the 
quantity  of  the  fluid  which  had  to  bo  got  rid  ot;  for  the  difference  wai 
just  the  (ippoisite.  In  the  labomtoty  flierc  was  a  great  quantity  of  elec- 
tricity to  be  got  rid  of,  but  il  was  of  very  low  t-eu8ion,  uud  it  would  not 
orerconic  reatstanoe.  A  paasage  to  the  earth  tbiit  was  unauitaMe  for  « 
bell  ma  quite  suitable  for  a  lightning  eLroke  ;  and  the  lightning  would 
spring  fVom  wires  to  the  earth,  and  make  ita  eflcape  where  laitoratory  elec- 
tricity ooald  not  follow.  The  quantity  of  lightning  electricity  im  very 
BinaU ;  but  coupled  with  ita  high  tension  where  it  pauses,  it  does  a  worit 
Ihr  preceding  what  n  current  of  Icfegtresa  would  do,  nnd  it  wonid  melt  the 
wires  wliicli  itwaa  able  tu  travel-neon  account  of  ita  int<^nstty  orstrength; 
it  oudtcd  thin  wires  uf  givat  resistance,  like  those  of  tolepbone  coils. 

In  a  can  like  this,  vrhvrc  a  real  atroke  of  lightning  had,  he  bclicTed* 
come  down  the  steam  pipe,  and  thaa  descended  the  shaft  to  a  certain 
depth,  it  found  there  rails  spread  orer  a  large  surface  of  earth.  This 
probahly  was  a  very  dry  pit,  and  it  might  very  reasonably  be  aakod  how 
the  electricity  found  its  way  fmm  these  rails?  It  would  not  do  any 
harm  in  paaaing  alung  the  rail,  hut  in  jumping  across  fix>m  one  to  the 
otlier,  the  flash  and  the  heat  prodooed  there  vmld  he  dangerons  to  a 
ocilticry  by  the  risk  of  firing  explodTe  gates.  If  a  safe  earth  for  the 
lightning  at  the  bottom  of  the  pit  could  bo  insured,  there  would  be  do 
injury  flrum  it  nndL-rgronnd.  The  beta  which  were  loamt  in  the  present 
cose  were,  that  the  lightning  on  reaching  the  bottom  of  the  steam  pipe. 
Dot  baring  any  cfaanoe  of  esc^ng  into  a  sump  fnll  of  water  as  might 
haTQ  been  the  case  had  the  pipe  gone  to  the  bottom  of  the  shaft,  apnng 
down  to  the  plates,  nnd  fVom  the  plalea  to  the  mils,  and  found  iu  tn^ 
niong  thv  tram  roada.  The  pit  must  have  been  Tt-ry  dry,  for  the 
lightning  did  not  escape  to  the  earth  as  readily  as  lightning  ftntn  a 
lightning  cunductur  Is  suppost-d  to  dti;  hut  having  uutvred  the  ruila, 
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epreafl  along  tlictu,  Becking  the  earth  at  eveiy  fwt  or  yard  it  ran  in  that 
way;  and  the  Tout,  for  instance,  tlmt  ut  700  yurOs  from  the  aliafV  tbo 
Bound  was  heAnt  anil  no  li^'ht  eavu,  uliuwoil  timL  tiic  lightning  had 
dinuniahed  in  power  by  the  time  it  anivcd  there;  it  had  purtly  escaped 
into  the  eiitth.  -100  and  500  yards  from  ihv  nluiTt  there  wii£  etill  much 
left ;  bat  he  thought  it  would  be  found  from  tfic  workmen's  ncc«uijt«, 
who  were  in  the  inelined  way,  that  they  apoke  of  conaiderably  1«m  light 
and  leas  DoiEe  ap}>earing  between  the  breaks  of  the  rails  than  the  Better- 
on  and  the  puehcr-ont  at  the  bottom  of  the  shnft  mentioned,  where  the 
character  of  the  flash  as  it  fell  upon  the  plateft  was  like  that  of  a  pin,  and 
the  lightning  stniek  with  a  light  upon  the  phites  which  ulnriued  them  all. 
There  could  bu  uu  doubt  tliut  the  liglittiing  did  make  a  great  floali  jnst 
there,  and  passed  on  iutu  tlic  vmh,  and  there  it  diminished  iCa  strength  as 
it  reached  to  gretiCerdidtuna-a.  All  that  was  perfectly  in  harmony  with  what 
would  be  understood  from  lightaing  leaking  out  of  the  rails  as  fast  m  it 
could  all  along  the  earth-war.  The  roils  afforded  a  tolerable  eartli  for  the 
lightning.  He  thouglit  it  was  of  ijuportaucc,  however,  (o  leurii  iu  such 
oases  what  took  place  above  ground.  There  was  a  thunderstonn,  and  a 
thunderclap  waa  heard  at  the  SFime  time.  It  wnuld  be  well  to  know 
whether  on  every  such  uccurrence  m  this  it  CDuid  be  aat^ertained  that  a 
lightning  fluab  was  seen  at  the  tup  of  the  pit.  If  ttm  proved  to  have 
been  the  case,  pits  were  in  need  of  lightning  conductors  as  much  aud 
more  than  ordinary  biuldings  ;  just  as  a  powder  magazine  shotdd  be  pro 
tectcd  by  a  good  lightning  coudiictor,  so  ali«o  should  be  a  pit ;  and  the 
nature  of  that  lightning  conductor  should,  he  thought,  occupy  the  attention 
of  mining  engineers  anil  student)*,  and  of  those  who  are  acquainted  with 
electrical  science,  aud  poi'ticnlarly  of  electrical  engineers,  of  whom  he 
hoped  there  might  be  some  present  who  would  give  some  information  on 
the  subject.  The  narrative  which  they  had  jnst  henrd,  showed  that  rails, 
extensive  us  they  were,  and  far  as  they  might  lead  away  lightning,  are 
yet  scarcely  a  better  earth  timn  short  steam  pi])cs,  and  thnt  although  the 
rails  laid  down  in  a  pit  do  conduce  to  carrying  anny  electricity,  they 
yet  retain  the  flash  fur  long  distances.  On  the  other  hiiud.  this  UmIi 
might  probably  lie  avoided  by  pointed  conductors  on  the  aurfaa*,  which 
was  the  only  way  in  which  a  lightning  tiash  would  ever  be  effectually 
prevented. 

He  had  thought  it  might  interest  the  memhcre  of  the  Institute  to 
■how  them  an  instniment  which  he  brotight  from  Purls  the  other 
day;  it  wati  intended  to  serve  as  an  electric  light  fur  the  dork  places  in 
the  pit.    It  was  a  gas-vacuum  tube,  through  which  a  dis<:hargc  of  clcc- 
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tricity  poaring  prodncca  a  useful  light.  He  would  not  wisli  to  work  by  it. 
and  oa  the  Belters  of  the  instrnmeiit  said  to  liim,  he  thought  it  was  no 
iustniment  for  amateurs,  tmd  not  for  practical  use  ;  because  tlwre  was 
danger  of  the  electrical  sjiark  passing  between  unprutc<!ted  purtions  of 
the  wires  conncctetl  with  the  ini-triiment.  The  instniineiit,  therefore,  «*as 
oDe  of  a  dangeruus  nature ;  and  he  thout^ht  it  should  be  borne  in  mind  in 
reference  to  tlu  use  uf  electricity  uudc-rgniund,  and  enpecinlly  in  very  fiery 
pits,  that  there  waa  always  risk  of  a  spark  becoming  Rufflciently  strong  in 
tiw  caae  of  breakA|:es  of  th«  circuit  to  hare  dangerous  eifects.  The  ex- 
perience of  George  SteplicnHin  on  the  subject,  viz.,  tliat  electricity  seldom 
flrcft  gas,  and  is  probably  not  daugerous  on  that  account,  !iad  no  doubt  a 
greot  deal  of  weight,  and  he  ( the  Professur)  thought  it  might  be  true  that, 
u  ordinary  electric  sfturks  hnvc  nut  ni-arly  the  body  which  a  candle  flaroc 
hat,  sach  small  electrical  sparks  i\s  are  likely  to  occur  in  the  bell  circuits 
which  arc  now  freijuently  being  put  up  would  not  l>e  of  any  serioiis  risk. 
Unt  should  it  come  to  a  tiuestiun  uf  using  electricity  for  mechanical 
irorkiag  nndcrgnjiind,  he  thought  the  riidc  of  infliiMiniHtiun  t>cairring  fW>m 
the  use  of  the  electrical  current  might  Ik  a  very  serious  one  In  the 
cxnmplcB  which  the  members  had  hud  brought  before  them  to^Iay,  the 
diaclmrgi-s  luid  been  of  u  very  much  more  violent  character,  and  he  would 
likfi  to  know  how  far  the  eipcrience  of  telegraph  eDgiiieers,  on  their  lines 
where  the  insixomenttt  arc  sometimes  destroyed  even  when-  lightning 
gnnrds  aro  used,  led  them  to  think  that  the  destruction  was  likewise  pro- 
duced by  the  lightning  stroke  itself,  and  whether  pointed  condnctorswonid 
aToid  the  occnrFcucc  of  thi»  damage  ? 

The  1'residkkt  asked,  how  tiw  steam  pipes  g»ingdown  this  shaft  were 
supported  ? 

Mr.  I^RIKOL* — They  were  supjwrted  by  wood.  (Sec  Plat«  X.) 
Professor  UEKSCHi^Eaid,  ho  bad  not  before  thooght  of  the  drcnm- 
stonce,  but.  the  ligbming  in  tbiu  esse  made  ila  way  along  C  and  D,  Plate 
VLt  to  the  open  mouth  of  a  drift,  mid  from  what  hud  been  described  it 
may  have  jmBscd  out  of  the  drift,  Ou  that  the  soggcstton  was  made  by 
Mr.  Uunniug  that  tlie  lightnmg  tried  to  make  its  way  out  to  the  air  again. 
It  would,  of  ooorec,  natiirally  have  been  expected  that  it  would  try  to  make 
its  way  to  the  earth.  Rut  he  thought  it  quite  poaible  that  tht<  explana- 
tion BUg^cHted  was  true,  and  that  iu  this  case  the  lightning  tried  to  make 
ita  way  through  tito  earth  by  another  fladi  having  taken  place — one  dowu 
the  pit  and  one  down  the  drift — the  two  flaihea  seeking  to  join  each 
other  through  the  best  ooudnoti^  they  coold  fitui*  which  was  along  the 
mggonway. 
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Not  eiioiigh  is  known  an  Ui  vi-hci-o  lifchtning  .^ocs  all^r  it  liiui  iitnick  a 
cuDdndor,  and  lut  fx>  wtmt  carltm  are  nc«de<1  t*>  fjet  rid  nf  it ;  tlint  ttu  a 
poiut  upou  which  the  ex]x:TiL'iice  of  telegraph  un^'iuct.'ns  n'us  wanted. 
It  might  bo  that  rnils  were  Tcry  poor  means  for  the  dischori^  of  the 
electricity,  and  that  the  thill  or  floor  of  tlic  wtini  wu  tiflt-n  m  dry  as  to 
be  a  retentire  material,  or  very  bad  conductor,  ai  seems  in  thin  tuHlunoe 
to  have  hocn  the  cose.  It  might,  tlien'forc,  be  a  queation  for  ibe  miner 
to  impure  wlint  eort.  of  earth  he  oupht.  to  proinde  for  his  lightning  oon- 
duelor.  flhicli  bHoiiW  be  adopted  at  every  pit. 

i^Ir.  D.  P.  MoRit^N  eiiid,  a  very  uuriuua  case  oucurred  near  Aoomb, 
Hexham,  abont  six  or  acvm  years  a;^,  in  an  old  pit  which  had  licen  t^itally 
disuwd  for  two  yeare.  It  had  been  sunk,  he  believed,  originally  fora lend 
mine,  Itnt  tluy  found  a  Hmall  soam  of  iY)al ;  and  Uiey  had  tvorki-d  a  little 
ooal  out  of  that  pit  and  then  trii^  fur  lead  afierwardfi.  When  the  pit 
was  closed,  the  wiivrope  gitiiks  and  Ihv  n>]>cii  wvrv  left  in  the  slmR,  and 
two  years  after  the  pit  had  been  closed  up,  in  a  thanderstorm  on  a  Sunday 
afternoon,  the  pit  blew  up.  The  cagt-s  were  w-nt  ont  of  the  nhaft  along 
with  the  ropes  and  other  debris.  Now,  tlicrc  was  no  chance  whatever  of 
there  being  aiir  nakud  tight  duwu  Iwlow,  or  near  thu  top,  which  wns  railud 
off.  The  pit  was  altogethiT  in  private  •rronnda ;  and,  acairdin^  to  the 
acconQt  of  a  man  who  was  walking  iik  u  field  near  the  pit,  the  flash  of 
b'gbtninfj  and  iht;  blowing;  up  of  the  csjre  were  simultaneous. 

Profcasor  Heh«cuki.  said,  he  had  not  heard  of  the  case,  but  ahonld 
think  there  would  be  many  such,  and  that  the  ironwork  which  was  laid 
and  lefl  down  a  pit  nii(;ht  alTurd  on  exrvlleat  I'arth  fur  the  lightniug  and 
prove  a  great  attraction  for  it :  and  ho  alionld  tliink  that  rails  coi-cfuily 
68b«d  over  a  huge  area  might  Ix?  the  be^t  earth  which  crmld  possibly  be 
need  for  providing  Ughtning  conductors  with. 

Mr.  A.  L.  Stkavju'min  (bought  it  naluml  to  suppose  tJmt  the  lightning 
would  strike  the  pulleys,  which  are  the  most  prominent  object  at  the  pit 
bead,  and  then  run  down  the  ro|Ki  into  the  pit,  much  mure  likely  than  to 
follow  the  steiini  pijwH. 

The  PiiEsiUEXT  said,  there  was  only  this  olijection  to  that  suppoailion, 
id  that  was,  if  the  lightning  did  strike  the  pulleys,  instead  of  going 
dovtk  the  shaft  it  would  go  down  to  the  engine  house  and  get  relief  there. 

ProfesMir  Urrscuei, — Kx&ept  for  the  attraction  of  tim  raila  under- 
gpaand. 

The  PKESIDEXT— Yee ;  bat  it  would  take  the  shortest  way  where  there 
Kfl«l<'ssdifflcnltyin  pausing  to  the  earth,  which  would  be  thmiich  themeana 
of  the  engine  hoiiae  to  the  earth  rather  than  going  down  the  shafi,  to  the 
earth. 
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Profi!«or  HKiiscuBf,— The  cm-th  nlonn  is  not  n  good  rpcipienl, 

Mr.  MoRisos  siiid,  he  wuulil  like  Ui  nsk  Pn»fcs8or  HtTsthcl  whether 
lightning  ooutd  light  ap  gM  nnderj^ound  iinlcm  it  wta  in  a  thorough]; 
exphwivc  ooiidition  ? 

Profrwor  IlKttsoiiKi.  «fti(!.  (t  would  havt?  to  be  highly  !nflftmnuvl>)f.  In 
the  lalwmtoi-y  thvy  foaud  that  ck-ccriuity  diil  not  luctx^d  in  ex|^otling 
mixtnrea  vhitli  vera  oiiljr  Bppn)xim»t«l7  inllmninalilu.  SjiMrks  Ihim 
lightning  wnnld  be  more  intense  than  sparkn  given  otT  in  nnitll  expcnincnts, 
und  <m  that  accfjunt  iiivy  would  venr  iirobalily  be  m-jre  liiiiigLTt'iis. 

A  MindBER  fiaid  it  had  ijeen  mentioned  that  the  Kiecu  cxplusion 
uoRiimsl  at  about  the  Bn:nc  time,  and  there  ntis  a  good  deal  of  Bpcculation 
u  to  u'ltcther  that  explo«ton  waa  caused  by  electricity.  As  all  Hfu  under- 
ground wns  destroyed,  there  was  no evidcnoo  toshow  wliat  did  bapjien  there; 
but  the  workings  weix;  very  dry  and  dusty,  and  the  result  of  the  inquiry 
vaa,  that  the  explcstun  had  occurred  iu-bye,  and  that  there  luid  been  an 
aocumulution  or  gas,  but  there  was  no  eviduoce  U)  bhow  how  that  goe  had 
beoQ  exploded. 

Mr.  Rydbr  laid,  it  had  been  mentioned  that  there  wore  aoroe  trace*  of 
the  lightning  flnali  upon  X  at  the  daylight  dril't,  Plate  IX.:  lie  woald  like 
to  know  of  what  character  tliew  traces  were,  and  whether  there  kub  any 
damage  done? 

Mr.  J.  B.  SiXi'SO.x  said,  with  respect  to  thin  question,  there  woa  no 
definite  evidence  na  to  its  hu\*ing  gone  otit  there.  Borne  of  the  wittieHKS 
said  there  was  a  mnrk  on  the  side  of  the  drift  which  might  have  been 
oatued  by  the  lightning,  hut  the  Committee  had  no  other  eridenoe. 

The  PBE8lI>RKTBiiid,lie  Kuutil  like  to  know  whetlier  any  of  Ihc  foreign 
mgiiicera  had  mode  any  .itattmrnt  aa  to  their  experience,  or  whether 
any  member  bad  any  knowledge  of  anything  liaving  appeared  in  the 
Transactions  of  any  of  the  Foreign  Societies  upon  the  subject  ? 

Mr.  MoRiaoM  said  that  both  in  Belgium  and  Uennany,  lu  a  rule, 
tbey  had  ligtitning  conductors  on  the  top  of  the  pulleys. 

Mr.  SivPSOX  asked  whether  tliut  might  not  be  Lu  Ba\'c  the  surface 
buildings,  and  not  to  prevent  the  lightning  going  down  the  shall  ? 
The  surface  huildingn  in  Belgium  were  very  iargc, 

Mr.  3Io&iso«  said,  the  conductors  might  not  be  put  ap  to  pni-emt  the 
lightning  guing  down  the  ah&ft>  but  would  still  have  that  elkcL 

Mr.  BuxKiKO  said,  be  had  noticed  that  the  use  of  lightning  oon- 
dnctora  abroad  was  very  mnch  more  general  than  in  Englnud. 

Mr.  MouiBOK — It  ia  rcry  mnch  more  general. 

Mr.  HjlY  said,  that  at  Harton  Colliery,  where  they  had  two  or  three 
chimneys,  and  very  high  houMS  ronnd  about,  they  had  them  protected 
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hy  lightning  condaeton ;  yet  still  tlio  ebctric  fluid  struck  the  wires 
whiiJi  are  only  abont  10  or  12  fcct  fi"om  the  pjoiind. 

The  PRKSIDKNT  said,  the  matter  had  now  been  very  fiiiriy  discnased, 
ud  he  hoped  it  would  receive  the  atlentioa  of  those  gcQttcmcn  who  wore 
more  conversmt  witli  clecLriciil  malurs  Lhati  iiuiny  i^f  ihv  nK^mbcre.  and 
that  thejr  would  endeavour  to  let  it  be  knuMti  whether  there  was  any 
posiibility  of  ail  accid^-nb  happening  from  au  explueivD  of  gut  by  lightiting 
{laEuun^  usder^und,  iind  if  eo,  whether  Uic  danj^T  ooidd  be  luet  by 
finding  earth,  as  I*rore8s<jr  Hei-schel  had  put  it,  withont  the  lightning 
going  in-by<.  Perbap«  this  subject  migh!  rcuoivc  consideration,  and  the 
membere  would  be  very  glad  to  hear  of  it  if  any  gentleman  arrival  nt 
any  satiiirtictory  propoeitiim. 

TbR  Skcrktakt  itiiicl  that  an  electric  signal  appamlue  for  n»e  at  pits 
was  DOW  being  cxbibilcd  at  Meesre.  31illH  nod  Co.'s,  Forth  Itnnki!,  and 
thofle  gentlemen  would  he  vt'ry  liiippy  U>  esliibit  it  tu  any  member  of  the 
Iiutittite  vho  b'kod  to  go  rcinnd  and  ace  it  at  the  clom  of  lbc>  meeting. 


The  Peesidf-st  moved  a  vote  of  thanks  tn  the  Committee  of  Invesii- 
tion  fur  the  most  intereBtiug  pajier  they  bar!  given,  jind  ali^}  Ui  Mr. 
Kendall  for  his  paper. 

Mr.  STEAiTiysoK  had  greiit  pleasnre  in  secfmding  the  mntiun. 

The  ToteB  of  thanks  were  then  ctirried  by  acclaiaatiuu,  and  the  mwling 
terminated. 


Since  the  diBCUssiun  took  place  llie  Secretary  has  received  the  folluwing 
commtmication  from  Mr.  Heaviaide,  the  Superintendent  Engineer,  Post 
Office,  Telegraph  Department,  Newrastle-npnn-Tyne  ; — 

1,  Obaptox  Koad,  WhitliYi  N  bwcabtlh-ox-Ttke, 

an/A  ftn-emirr  IHW. 
T,  W.  Brsxrxo.  K6«j. 

Utsa  til K,-  Mr.  K^vtljrr  hu  licci;  grod  eiionfrli  tn  fiii-auv  iiic  with  a  {icntsal  of  tliO 
>ciiinipiiinjiii|;  proofs,  »tii]  I  hrg  tcavs  U>  nffnr  tin-  Fnllowing  ubiwrviitiuiiii  tliurmn: — 

I  tt&ro  rnnd  tlio  <>^idiRicG  nnd  thora  can  he  no  doubt  tliat  tlii!  ptiUt^j'tt.  t)ic  Klonm  pi)>o. 
•titl  tlip  riRiinl  "irf  wprp  utmrli  by  ligliltiinff;  am!  owiiijt  to  tlie  iui fn*rf i.«L*t  finliiiiK  iif 
the  nviU.  tikc  dmigc.  wliikt  in  tlic  act  of  di^ilMtiiif^  iWdf  ov-rr  th>i>  v»miM  con  due  C'^^ 
.  ixirii-d  iL  U)  mith,  <'X)N.Tii-iiL'<Kl  ko  iiiui'I)  T(M»Uitcv  m  iu  cMUnH' tliul  lient  uid 
were  uueed,  oocon^pauiod  bj-  alight  reporti  as  described  by  tlio  witncwua.  I 
ft««  no  kiiowlcdgt-  of  Chi-  \nt  in  i|uiwti()ii,  but  it  nluicial  fulloun  that  it  mntl  ha  n  dry 
tmet,  nml  olwi  ihnt  tlio  xiirfu-i?  unist  bavu  l)ceii  ilr^  at  tlit  time  uf  tho  lif^litiiiiig-  dia- 
ehftDrc.  ollicrwiw  tlur  iibpiiiiiiiiriiod  would  \nvc  Uiken  idm'i'  miii'li  auiiv  <|iiii'tlj. 

KuiiiarkiiiK  upuii  Mr.  Muj'b  obacntatioim.  It  im  &  luw  tli&l  all  cirLUtta  imiii.t  Iw 
onnpleir  ftiitiiu  (lnt'iiiTClvc-K  for  a  i'urn.'iit  t<>  riuw,  livtivc  if  the  1k,'11»  would  not  riuB 


% 


44 


LIGHTKIXO  IS  THE  PIT  AT  TA^fl'IELD  HOOH  COIJ^IKBY. 


tb«re  iDiiat  luve  h«on  n  brnak  in  lltp  circuit,  wid  Mr.  Sky  pdnta  out  whan  Uw  bittk 
iraai  aanelj,  In  the  «rtb  rannoctiotii  foriu  soon  u  tfa«t  wwmdcsoodbjcoBDactinf 
til* SOO  jnnl*  of  unfl«hnl  mili,  thcbi'lU  wiirktKlkll  ri(;ht.  Hvnc^  in  Die  HMian  pit  nlm, 
if  the  nrtb  eotuiectloiiii  at  mcIi  md  of  tti^  wirr  w«k  pcrfvetly  nindr,  th^rp  niu  no 
|»t1i,  or  ■  p»th  of  «nHi  \vty  liw'i  rrnittaiKw,  <jwiiif[  to  tbo  difnu**  nf  tliir  pit,  tint  but 
A  fraction  of  llic  curri^nL  took  tL«  i-oiirao  tnt^udM  fur  it.  umI  lli>t  fni'tioii  waa  imafli- 
eioiit  tv  nurk  tlio  bvll*.  Tliv  wiinli-  qvmti'W  vf  tbu  nSvly  of  tbc  pit  from  Iwing  atrnck 
bj  lifrblning  appear*  to  dcjnmd  upun  Ihe  nalura  <it  the  «*rtli  conuxclMns  ui*do  mi  Uw 
rarfKc.  Now,  mtli  onlitian-  U-l*,vmpli  iiwtminnit*,  it  i*  k  wdl-kmrwn  fact  iImI  wlivn 
the  mrtli  i*  liJillnl  with  ■knfl*  nntl  uDtlirr^ntviiid  uorkiiiga,  <>r  ■■  Artiliinallji  T»iw4,  m 
at  tho  Usllnet  Hill  at  Nurtli  Shiold*.  a  poxL  wirtli  i-ortiiH-tiou  u  tiot  vlriuiinUp.  I  vau 
mentioi)  tliTvr  nue*  in  (MtrlicnLar :  Tliroi-kli'v.  U'«*t  Stnnli'.T.  nai  the  Ikllut  Hill  at 
Kortli  l^bipld*.  At  Throcklity  tlw  "ARC"  wulittinl  wlUi  aKritrb,  mtlialaulindDpf 
UlC  tinr  roulit  br  iimmI  iiiikptfiidentlv  of  Hit-  <>tlii-r,  but  ithcti  tlic  ■witcb  mm  tnnitd  ta 
my  line  A.  it  wu  tf^oA  Uiat  liiM>  11  wai  aUo  grtliu);  tlw  mraaagv  intciidfld  far  A.  wbu 
iMjipoiird  wan  thin,  nniii^  Ui  lli«>  imjivrfivt  cwrtb  ciiniKvtiii'n,  the  i.-iim<tit  bad  thrve 
ptttlm  opfti  to  it,  tbp  one  to  iiim  A,  tbr  otluT  tu  lh«  varih.  and  tlt«  la«t  tii  liui-  It,  tlw 
cimvnt  dividiuK  intcnvly  as  tbo  rmtstancw  of  thv  thrcv  pMlii,  pn>liahlj  thi-  firmtcT 
portion  gun^  b>-  lino  A,  %wi  niMlkr  panMas  hy  the  c«rth  and  line  R :  thli  diSlcnltj 
waa  got  ovv  hy  lakltif;  ouw  to  inaka  tlia  oirUi  ctiimr^linn  of  lar)p>  snr&oi'. 

Al  Wt»C  t^tonlvy  tlic  «iin-  «iu  rrM|tu>ntly  hcinfr  Tpfioilfid  faattf  aiul  tbi*  «-m  HnaUjr 
traced  to  a  dufn-ttt-c  c«rt1i  at  W«i>t  Stantt^. 

At  tbe  Ballast  lUU,  Norlli  SMciaa.  tlw  «sTth  wlt»  had  to  be  carried  don  inta  Uw 
Itit-er  Tjikc,  otbiTtiiie  thnni  wa*  danftnr  cif  fniliirv  nf  tbo  I'lmc  Uun. 

Mr.  Sliwviunii'a  rcniarkii  aa  to  tho  liKbbiii^  prohahlj-  ctrikitig  the  |Nilla]ra  b  ■ 
mat  potiiMnt  mo,  and  Ituinf^  the  Il|rhtniii](  would  lake  orer;  path  opvii  to  iL  llu 
^lltjs  Iwn^  m  pmnincat  and  the  ropv  rititiBtinnii,  that  path  wimld  iirobalJ;  latu 
the  laritut  aliare  of  the  charpc  to  lUtpnee  of. 

With  rtTgnrd  tn  tho  ehinHKT*  at  lUrtnii  liring  pntl«>clrd  with  lightnllg  ooodaebon 
aud  .vet  the  ulc^ntpb  wlrea  10  or  IK  fiwt  tnitu  tbo  tfrn<ind  bciufi  gtroA  by  Ughtrifp : 
thia   ta  iwtilwbly  rX]kUitir)l  1>j    lb<f  fact   Mint  ll»-  nlri'*  ^ii  i|iu->Li<>ii  rxtt'iid  tntr  a  larg* 
ntfaee  of  countrj',  and  no  nialttT  irher«  atntt-k  lliv  rltarp;  wi<u|d  be  f«lt  ut  Narloa. 

Tbo  practioal  paint  ia  bnw  In  prvraul  lightning  iriavhar^iM  Mitvring  |4t«,  and  facjny 
ft  wmniof  daiiKcr,  the ettmt  d(  wldeh b not  wdl  undmtoodt  obvloailj-.tn  iwotael  the 
laonthof  Ibv'liaft  cflii'iMitlv,  lightning  ooadui-lura  aliuold  l^a  HmkI  U>  all  kiftj  i:liliiincja 
and  biiibKnir*  In  the  neli^bhoarhiMd.  the  tsrioua  puliila  upon  a  biriUing  bring  ODnmntaJ 
In  th<?  nMinnwidiictiir,  and  tbb  cnudnctor  ma*t  l>o  nmtiuiioM  and  maluigmd  aaith.  Ta 
rffwt  tho  lalt«T,  theold  tlio  nrface  and  jiit  be  dr;.  it  niuit  Iv  taken  to  wnM  pnim,  na 
mattffr  bow  dlatant,  nber*  a  pood  nrtb  «an  be  oUaltird,  and  mitUInir  ia  b(4t«r  than 
the  bMl  i4  a  atream  er  the  watar  nune. 

At  mnNt  rMlirrim  1  haiv  otHCrvcd  a  nwrriiir  of  water,  and  in  nany  caaca  a  atnHB 
cf  mtne  v-otiinudae  to  ]m«piiiyoparaUani,aDdintlKMe  cBMathweeaabawtdilRMlly. 

llHni  tit»n  is  uw  othar  pidnt,  the  eunduetor  tir  naidnmira  mast  \m  taMad  ban 
tfne  to  tinw  an  thai  It  na;  be  aKvrtaiiwd  tliat  thejr  ara  inlact  and  luakiiis  psid  mtIIi. 

I  laro  ncrt  einvialljr  ilodied  the  Mibjecl  of  llchtnlny  ftiadii^tMa,  but  il  !•  a  itlmMu* 
Ut  aonMiail  aiain  so  lBt<!r»tJii)i  a  titjaei.— I  sin,  vimra  tmlf , 

A.  W.  HKAVUIDK. 
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VISIT  TO  TITK  WIIITBUItX  SEW  WINNING,  NKAR 
«UNDEKLAND. 


Ok  Ortolier  15t]i,  tlie  members  uf  ilic  lastitutc  puiit  a  visit  to  the  new 

winning  of  the  ^Miilburn  CoiJ  Company  at  Whitbium,  for  the  inirpow  of 
witne««iiigi.heproot'8»i>f9iiikingby  theKintl-Chaiidron  pi-oceM,  wlitrh  hnd 
been  adopted  by  the  Compnny  in  order  to  curry  thu  necissiiry  tihiifU  fur 
working  tlie  ooal  througli  the  wnUir-boiriiij;  stnita.  This  proci'ss  wiis  fully 
described  in  a  i«ft|)cr  by  Mr.  Wariiigton  Smyth,  which  was  read  before  the 
mcmlwrH  of  the  lii!>Utulc,  &c  a  gvauntl  uiLiJtiiig  of  the  nj<:mber8  lu  the 
WcmhI  Memorial  Hall,  on  Ihc  liiii  of  Sliiy.  1871;  and  will  be  found  fully 
reported  in  the  Proceedings  of  the  Institott*,  Vol.  XX.,  page  187.  The 
proeew  itwlf.  however,  hail  not  prenotwly  bt-en  in  operntion  iti  tlie 
North  of  Englniid.  the  only  oth?v  inistiincc  of  its  uku  in  this  cuuutry 
having  l>cen  at  Cannock  Chase,  in  Ktnll'urilKhire,  vthvm  h'so,  ba  ut  Whit- 
burn, it  bad  been  adopted  in  order  to  overetime  I  he  difficulty  of  an 
enonnoiui  inlhi-i;  uC  wiil-cT  iiiui  the  shall,  which  rrnderetl  all  the 
ordinary  means  of  sinking  nnavHilnbic  at  aneh  a  depth.  A  very  large 
unmber  of  mombem  of  the  Institute,  induding  the  Presidvut  (C.  C. 
Grcenwctl,  Kb(|.)  and  several  iiiemlierH  of  the  Umm:it.  availed  themselves 
of  the  opportunily  thus  alforiled  of  seeing  the  pniawi  in  ii])cnitiun, 
the  majority  of  them  leiiving  Newcastle  by  the  12'»6  p.m.  trniii  for  l^nth 
Sjiit'ltk.  whvrc  thfy  ;uTi\  ed  at  a  quarter  past  one-  A  train  t-f  carnages 
belonging  to  the  Whitburn  Coal  Company  waited  ai  Wcatoc  Bridge  (or 
Uie  arrival  of  tbe  vieitors,  and  couveyed  them  along  the  Company's 
private  bnc  to  the  pit  ut  Marsdcn. 

The  Whitburn  Coal  Company  having  obtained  their  rt»yalty,  com- 
mencod  operaticrtis  about  five  or  six  ycjire  ago ;  but  the  C|ua[itiLy  of  water 
enoouulered  became  bo  enormous  that  the  sinking  opcmtidns  in  the 
ordinary  way  had  Ui  he  sfisiniiilcil.  The  (|Hantity  uf  water  pitmpi-d  at 
the  lime  ihc:  cirdiriary  nietlmdn  of  itinking  wci'e  iliseoutinued  amounted  to 
ueiLrlr  l::>,Oi)i)  gatluns  a  minute.  In  each  pit  wiuer  wdh  met  with  ut  a 
depth  of  1 10  feet,  and  tlie  enoniiouB  diflicultii'a  then  )>i-gini.  Hy  meiina  of 
inceaeant  pumpiug  u|)oa  a  prodigious  scale,  a  further  depth  of  'MJ  feet 
wu  sunk;  and  Iheii  the  e.MX£aiie  eost  anil  tlie  shtw  pmgrtsH  t>f  tlie  work 
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dccidod  the  propricton  to  discontinuo  the  mpfinn  which  had  np  to  that 
time  been  einplojed,  and  to  rescrt  Lo  the  Kiml-t'haudrvu  proocsK,  the  use 
of  which  liod  lieen  in  suax-srul  operation  in  the  Kortb  of  France  and 
Bolgiam.  In  ihe  first  ehnft  a  prcliminnry  pit,  G  feet  in  diameter,  wis 
«auk  to  n  depth  of  Hi  feet,  and  Lbi-n  thv  shaft  woe  sunk  to  the  same 
depih  at  its  full  diaiiietL'r  of  H-C,  fett.  V\wu  tlie  completion  of  Uio  first 
ahaft.  to  helow  the  walcr-l)C«ring  striita,  fi  i«?nmd  nhaft,  which  is  iic^-ensarjr 
in  order  to  compJy  »^th  the  requireniuntB  of  the  Legiatature,  wa«  began. 
This  second  shall  is  lK-in>!  put  down,  and  ia  now  sank  to  s  depth  of  274 
fbet  7  inchoi.  of  whioh  the  luvrcr  part,  or  1  (>4  feet  H  inches,  baa  been  sank 
bj  the  Kiiid-C'hiitidron  prowss.  At  Ihe  time  when  the  memhorB  of  the 
Institute  visited  tlic  i)it  <jiie  fhsifl  hail  been  uouiple led  to  IkIdit  the  water- 
bearing Btnita,  and  the  Hccond  was  in  coiirsc  of  sinklnp,  and  far  advanced 
towards  snccessfnl  comjilction.  In  the  first  shad  the  avera^^  rate  of  advance 
by  the  small  buro  waa  ?  Ivet  K  inches  per  diiy  of  21  houi  s,  and  by  the  large 
horo  1  foot  4  inches.  In  the  second  Hhad  the,  rale  of  adrance  with  Itie 
small  bore  was  I  foot  H  inches,  and  with  the  large  bore  it  has  lieen  up  Ui 
this  lime  1  foot  C  inches.  The  diameter  of  the  ^uiall  bore  in  the  Bw.x>nd 
shaft  is  6  feet  7  inches,  and  of  the  large  bore  lb  feet  5  inches.  The 
weight  of  the  nnall  Irfjmt  is  II  Utiw.  and  of  the  large  trrfian  iO  tons. 
The  cttillfr  contains  12  feet  in  depth,  and  1:^  tons  in  weight  of  drtn-it 
fVom  the  lar^gc  Iture. 

When  the  visitors  arrived  the  large  trfipfin  was  in  fnti  operation.  It 
was  afterwards  stopped,  the  "halatiritr^  uud  "  trejKtn"  were  withdrawn, 
and  the  engineem  then  commenced  to  lower  the  rods  with  which  to  with- 
dmw  the  "ci'itlrr  »iit/inidm"  c*>ntaining  the  r/fbri*.  The  rods  were  then 
attached  to  the  "  CHiikr  Mutfttmlm,''  which  was  witiidrowu  and  the  oon- 
tenta  tipped  into  a  trough,  lliey  oonsistcd  of  vcr}-  rniall  pieces  of  limc- 
Rtone.  t})e  largcat  weighing  only  a  few  ounces,  and  the«e  larger  |>Jecai 
being  vcir  few  in  uumber.  It  wus  cxpci-lnl  that  the  acoond  ahafl  wonld 
be  oomplcted  by  the  end  of  the  present  year  to  below  the  water-bearing 
•tnta. 

Tlie  drbn't,  althougli  IVum  the  liuM»(om!  rocks,  is  of  no  commercial 
Toluei  bnt  the  Company  have  a  number  oj  Utnestone  (jnaiTies  which  they 
ore  working  for  commercial  pur]««fl.  SampW  uf  ihe  diffirvnt  stones, 
the  produce  of  llic  iiuarrics,  were  exiiiliitcd  at  tk?  |ii(i  und  consisted  of 
bralten  limestooc  tor  chemical  works  and  for  road  mcta';  of  screened 
chips  for  cnrriagc  driven  and  for  garden  walks;  of  unalacked  shellsj  of 
ilacked  lime:  and  of  limestone  for  buikling  purposes.  The  C<<)nipany  bare 
idso  eructcd  largu  liiiiokilns. 


DTOCBrpTIOS  or  A  eiXKTNfl  »KT. 


DKSCRIPTION   OK   A    SLVKIN'O   SET   FITTET)   WITH    NEW 
WlXDBOitE  PnOTEOTOK  AND  AUCTION  UEUULATOR, 


OoiutuincATKD  BT  QBHBy  RICHARDSON. 


Wrex  a  krgrcr  quontiCr  of  wiitcr  ia  met  n-iili  in  n  sinking  Khafl  Lhan 
Cftii  be  draim  by  a  tub,  the  next  mc;ana  iwed  in  Kencmlly  that  nf  pumping 
it  out,  and  the  firsUhing'to  beobeervod  iii  connvctiuunith  Chis  ia  to  makfi 
in  the  bottom  of  the  ebaR.  what  in  generally  termed  a  "sump,"  or,  in 
other  irords,  a  portion  of  the  shall  bottom  is  sunk  down  lower  than  the 
other,  thuB  forming  a  kind  of  dtah  into  which  the  water  collect*,  and 
which  ix  always  atkiwcd  to  be  the  rleepc-Jtt  part. 

Fig.  1,  Piute  XI.,  reprcacntB  tho  shaft  section,  and  shows  the  general 
orraogemcnt  of  a  hanging  pumping-Bct  used  for  the  piirpoao  of  keeping  the 
bottom  clear  of  wntcr  and  allowing  the  sinking  to  be  proceeded  with,  the 
general  method  of  conducting  up(;rationa  being  as  lollows : — 

The  lowest  coating  No.  I,  termed  the  windborc,  consists  of  a  pipe 
flanged  at  one  end  and  closed  and  V  pointed  at  the  other  ;  about  half  its 
length  i»  made  larger  in  diameter  than  tlie  other  half,  and  ia  perforated  with 
a  number  uf  email  hok-B,  into  which  the  water  entui'6  when  the  ]iunip  is 
working.  In  conseqncnce  of  the  large  nuiubcT  of  holes  in  the  windbore 
it  often  huppcua  that  two  or  three  rows  of  holes  are  abore  the  level  of 
the  water  and  therefore  cxpc>ecd  to  the  atmosphere;  such  being  the  CRSC. 
and  BuppoBing  the  pump  to  be  started,  the  atmusphero  would  enter  these 
boles,  and  the  whole  operation  would  consist  in  pumping  air  instead  of 
water.  In  order  to  ovcrco'me  this  difficulty  the  holes  above  the  water  line 
have  to  be  closed  with  wooden  pluga  driven  tightly  in,  to  prevent  the  air 
from  entering. 

The  next  part  is  the  clatk  piece  (No.  2,  Fig.  I),  bolted  to  the  flange 
end  of  tl)c  nindbore.  Inlemally  it  contains  the  clack  C,  adniisaiou  to 
which  ia  obtained  by  means,  of  a  door  bolted  on  ns  ghuwn,  and  Bccurcd  by 
strong  wrought  iron  cross  bars ;  on  ita  external  surface  two  large  projec- 
tions arc  cast  D  E,  one  on  each  eidc,  with  a  bole  in  each,  in  order  to 
receive  the  wrought  iron  ends  of  the  ''  ground  apcars"  G  S. 

No.  3,  Fig.  1,  ia  the  working  barrel  within  which  the  bucket  works. 
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No,  4  is  named  the  "backoUdoor  piece,"  in  whicli  a  Etmilar  door  to 
that  00  the  c1ftck*picce  gives  oocen  to  the  bucket. 

No.  5  8how«  the  ordiuary  pompa  osed  above  tbo  foregoing  pieaa.  and 
oontinaed  upwards  antil  the  eur&ce  or  bdt  other  delivery  fur  the  vater  ia 
reached. 

Tlie  "  ground  spears"  rofcired  to,  come  down  each  side  of  the  pninp*, 
and  ara  fixed  to  the  clack  piece  2  bj  means  of  cotters  through  the  wrought 
iron  ends  bolted  to  them.  The  top  endti  aw  connected  to  the  pullej 
block*  and  ropea  used  for  raising  or  lowering  the  whole  aet  as  occasion 
maj  require.  The  pumps  are  also  secured  to  these  Kpeara  by  means  of 
WTODght  iron  damps  Rimilnr  to  that  marked  II  U.  Figs.  1  and  4.  The 
wood  framing  marked  It  T  is  called  a  "  ooUaring,"  its  use  being  to  steadj' 
the  pumps  and  spears,  and  keep  them  in  a  vertical  position  ;  it  likewise 
prcvenu  the  movomcnt  which  would  cnsne  fh>Ri  the  vibrating  motion 
imparted  to  the  pumps  bv  the  action  of  the  spears  inside. 

Fig',  i  shows  an  eularged  acctional  eleratiou  of  the  Wiudbore  itself, 
and  also  of  tbo  Windhoro  Protector  and  Suction  Regulator. 

Fig.  .t  ia  a  plan  and  traofiverae  section  of  the  same. 

Fig.  -I  ia  a  plan  of  the  damps  and  pnllejs  marked  H  U,  Fig.  1. 

The  Windbort:  I^rotcctor  and  Suction  Kirgulator  is  cast  in  halvcs> 
faced  and  joint«d  with  y^th  sheet  IndiJi-rubber,  flanged  and  bolted,  as 
Hbonn,  a  little  larger  in  internal  diameter  than  the  external  diamet«r  of  the 
enlarged  port  of  windborc.  The  top  is  flanged  inwards  a  litttc  in  order  to 
protect  tlie  neck  ring  from  tnjnrr.  Tlie  metliod  of  securing  an  air  joint  at 
the  t<^p  of  the  TV^Iator  is  eiccedingly  simple,  consisting  onlv  of  a 
circalar  India-nibber  ring  V  jilaccd  in  a  small  concare  recess  formed  on 
the  neck  of  the  Windborc,  in  order  to  keep  the  axis  of  the  ring  perfecUf 
borixontol  and  rolling  on  its  onter  surface. 

The  method  of  raising  or  lowering  the  Regulator  is  shown  more 
clearly  on  shaft  section ;  two  chaioB,  one  on  each  side,  arc  connected  to  ilie 
top  bolt  by  means  of  a  shackle,  and  passing  np  through  the  weights  R  B, 
Fig.  1,  over  the  pulleys  II  II,  and  down  again  to  the  centre  of  the 
weights  to  which  they  are  then  ounniKited.  The  chains  thus  serve  two 
porpoacs.  namely,  to  connect  the  weights,  and  thus  balance  the  Bcf^nlator, 
and  also  to  act  as  goides  by  passing  np  throngli  them.  Fwta  the 
bottom  of  the  weights,  cfaabs  B  B  poas  downwards  within  reach  of  iho 
sinkers,  who  can  keep  the  Protector  at  any  rcqnired  hci^t  by  simply 
connecting  the  loonc  chain  to  those  suspending  it  by  an  & 

The  particular  action  of  the  Regulator  and  its  advantages  will  pa*- 
haps  be  liest  undetstutMl  by  stating  the  disadvantages  of  the  preioat 
method  and  then  tlie  remedy  propoocd. 
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Hnvinf!^  prerionitlj  stated  that  the  holes  in  th(!  Wintlbore.  which  in  a 
general  raj  are  above  the  water  level,  have  to  be  "  plugged,"  it  follows 
tliatshauld  the  eet  setUu  (liiwn  into  aaj  soft  straLum.  whicli  migbt  be  ex- 
posed by  tho  action  of  a  shot  when  the  ginltera  arc  ont  of  the  shaft  bnttom, 
and  the  bottom  holes  become  imbedded,  the  set  becomes  wircdraxrn,  and 
it  is  posBibk-  that  m  lut^^  u  {|iiHi]tiLy  of  wutt^r  iiuiy  liu  prcn  off  us 
to  prevent  the  men  retiiminif  to  remove  tho  pings,  which  nrotild  ncoofl- 
siUto  lifting'  the  whole  sot  and  nil  it*  appliances,  and  caiue  scrions  delaj', 
Br  Qsing  tho  Protector  the  jiliipa  are  entirely  disptnBed  with,  and  the 
difEcalty  arising  from  the  set  settling  down  is  overcome.  The  noceBsity 
for  lilling  the  whole  set  is  done  away  with,  and  the  fact  of  the  water 
being  so  high  that  the  men  cannot  get  into  the  bottom  is  rendered  of  no 
importance  to  tho  proper  performance  oC  :he  pumping  aiiimratus. 

By  referring  again  to  Fig.  1  the  Regulator  is  shonrn  in  position,  and 
its  action  may  be  explained  as  follows  : — The  set  is  sitppoecd  in  (he  tirst 
instance  to  be  reacing  on  hard  strata  at  X  ;  the  Kcgidalor  is  aiippoRcd 
to  be  in  its  norma)  position,  with  its  bottom  covered  by  watfT,  and 
two  rows  of  boles  in  the  H'indbore  ex{>osed.     Wand  Z  are  two  shots 
Bnpi)08od  to  have  l)ccn  just  (Ireil,  and  having  broken  up  the  Btrata  S, 
have  entered  the  softer  strata  Y,  thns  removing  the  pump  fonndntion  or 
Bupport.    Immediately,  therefore,  th«  pttmjw  begin  to  settle  down  into 
tho  Boftor  stone,  the   Regulator  is  l.ronght  into  action,  nud  inasmuch 
as  it  is  still  above  in  the  strata  X,  and  its  bottom  of  a  larger  nrea  than 
the  Windborc,  it  is  only  reasonable  to  suppose,  instead  of  going  down 
along  with  the  Windbore.  it   will   \k  caught  by  some  of  the  broken 
fragments  of  rook,  and  thus  arrested  in  its  domiward  raovement.    Snp- 
podng  this  to  be  go,  the  cliaing  beglo  to  ehickcu,  and  the  pumps  still 
owtinuing  to  move  downwards,  the  previously  euTcrud  Itulctt  aj-e  e\pui?ed 
to  the  water:  and  even  sli^uld  those  at  the  very  bottom  be  choked  by 
their  being  imbedded  in  the  soft  strata  at  T,  the  pump  is  kept  going, 
and  when  the  sinkers  return  to  the  bottom  they  can  regulate  the  deeccnt 
of  the  Rcfn'Intor  as  they  inay  require  by  simply  rcmoiing  the  loose  pieces 
of  rock  supporting  it,  until  it  resumes  it«  original  position. 

Tlie  advantages  to  be  derived  from  the  use  of  the  Protector  are  obvious: 
1. — It  protccta  the  Windbure  IVinn  the  blows  caused  by  ilie  de- 
tonation nf  thi?  shots,  and  is  not  likely  to  be  damaged  itwlf 
by  any  blows  bceause  of  the  entire  absence  of  any  weak 
or  working  ports. 
S.— It  renders  plugging  of  windWre  Iioles  unnecessary,  and  when 
called  into  action  sueli  aetiou  is  automatic,  and  tlic  time 
of  the  ejnkers  is  economised. 
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S. — The  abRcncK  of  working  parts  and  the  conKr]uent  reduction 

or  wear  and  Lear. 
4. — The  travel  of  tlic  ring  Ijcing  only  half  the  surface  exposed,  its 
action  is  rcdaced  tf>  a  minimmu.     The  joint  is  alwajg 
tight,  and  is  unaffected  by  any  blow  from  ehote. 
A. — It  cannot  be  rendered  inactive  by  corroBion. 
0. — The  ense  with  which  it  can  be  fixed  either  to  new  or  to  pre- 
sent  working  settt  by  lieing  ca&t  in  halrea. 
— Its  oonparatively  email  cost. 


The  PnEsiDEST  said,  that  when  the  paper  was  poblishcd  alonp  with 
the  drawingH  the  membera  would  have  a  hotter  op^mrttinJty  of  obtaining 
all  the  information  they  needed,  and  it  would  therefore  be  advisable  tu 
delay  any  remarka. 

Mr.  RtCHARtisox  said,  he  hnd  recently  been  engaged  in  sinking,  and 
had  oxiMsricnced  the  very  trouble  he  hod  described.  He  had  not  yet 
adopted  the  im]ir(i%'ement,  but  should  he  do  bo,  be  would  commumente  to 
the  members  the  rcnult  of  tlie  application. 

The  Pbeeident  moved,  and  itr.  K.  F.  UorD  seconded,  a  voto  of 
thankR  to  Mr.  Bichardton  for  his  oommunicatioD. 


The  Sbcrktart  then  read  the  following  paper  "On  the  Gyiwim  of 
Nora  Scotia,"  by  Mr.  Edwin  Gilpin  :— 


THE  OTFHUK  OF  XOVA  SCOTIA. 
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THE  GYPSUM  OF  NOVA  SCOTU. 


Ut  £I>WIX  GIUPIN.  A.M..  F.0.8,  Isarvrrou  o?  Mt5Ba. 


The  writer  vcntnrcR  to  Iny  Iwforc  the  rnstttute  the  followfnjf  TPmarlcB 
on  the  girpsiiiQ  foond  in  the  Maritime  IVjrinc€8  or  Canada,  gathered 
firom  his  own  noU'B  as  well  as  from  the  cxjierience  uf  i*!!!!"™. 

The  beds  of  this  mineral  attain  in  these  provinces,  the  Aeadia  of  the 
early  wTitere,  dinicnsions  whidi  arrust  the  attciittoii  of  the  gwilogist  and 
traveller.  It  contrilmtcs  an  Importfnit  item  to  the  little  lint  of  mineral 
eipoTlfi,  and  n-ith  its  aMooiated  limestones  and  marls,  gives  to  lar^ 
districta  of  Nova  Scotia  a  fertilitj-  seldom  enrpaaeed  in  the  uorthem  part 
of  the  tempemte  zone. 

Rinns  in  clifTs  from  fifty  to  one  hundred  and  fifty  feet  in  height,  it  looks 
doirn  on  the  mud'ludcu  tides  of  the  Hay  of  Food;,  and  the  blue  waters 
of  the  Gulf  of  St.  LttwrencMi,  or  forms  a  striliing  feature  on  the  beautiful 
Bma  d'Or  Lake,  a  Httte  inland  sea,  "  numinj;  avray  into  lovely  bava  atid 
lagoons,  leaving  slender  tongnes  of  land  and  pictorcsquc  iftlanda,  nod 
bringing  into  the  recei-ses  of  the  land  the  flavour  of  Bait  and  the  fishee 
and  molluscs  of  the  briny  sea." 

The  traveller  meets  it  eiirrounded  by  dense  growths  of  spruce  and 
hemh^k  Bhadowiiii^  wune  *juit;t  jtond  in  tlic  wtHxla,  or  standing  like  some 
mined  easile  of  marble  on  t!ic  side  of  a  fertile  river  volley. 

AUB  0¥  THE  OVPSUM. 

So  far  as  the  writer  is  aware,  the  gypsnm  deposits  of  Nova  Scotia  are  the 
largest  and  most  extenfiive  in  the  world,  and  the  only  unea  otcurriug  in 
meaiiures  of  tlie  Cuxbouilcrous  age. 

[)r.  Daw^n  in  his  da&sica]  trork  on  "  Acadian  Geology"  has  tiOEiarated 
the  CarbonifcrouB  of  the  Maritime  Proviiiwa  into  five  divisions: — 

1^— The  upper,  or  Pcrmo-Carlxinifcrous  C<jal-Mea.<iure«,  not  hohliug 
beds  of  workable  coal. 

2. — The  true  or  productive  Coal-Meosures. 

8.— The  Millstone  Grit. 

4. — The  marine  limestone  or  gypBiferous  formation. 

5. — The  lower,  or  falao  ■Coal-Mefi^nreB,  holding  many  characteristic  Coaf 
foasils,  but  destitute  of  wirkablo  licds. 
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In  NoTa  Sootift  the  ([yp«nm  and  asa^KiaU-d  strata  were  long  connt<3^red 
of  Permian  age  from  their  rcscitihlanoe  to  these  rocka  in  other  countries 
and  their  somewhat  obscure  relations  Co  the  micceediiijr  mca&iirca ;  anil 
it  trait  on);  bj  a  careful  stu<ly  of  sections,  and  a  oompamon  of  fonils  that 
tho  labours  of  Sir  Charles  Lyell,  Dr.  Dawson,  and  Mr.  U.  Brown,  relegated 
them  to  their  tnie  position  nn  forming-  part  of  the  Carbon ifcrons  marine 
fonnaUoD.  Their  stratigrapbicAl  position  is  now  nadoubted,  and 
Davidsou  afTiniicd  tho  fiiHiils,  CR|M?(*ia]Ir  thu  t]mcliiii]x><]B,  to  be  in  many 
caMs  idcntieal  with  those  of  the  Mountain  Limestone  of  England.  De 
Koninck  staled  "  that  the  fauna  completely  recalled  that  of  the  Carboni- 
ferous limestone  of  Viu^  iii  Belgium." 

Yet,  as  Dr.  Dawson  remarks,  it  is  trnc  that  the  rrH.'k8  themselves,  the 
limeBlunes,  tlte  red  sandstones,  the  niarU,  and  the  grpenms,  hare  mudi 
tho  aqx!Ct  of  Pormiim  strau,  and  the  fosglla,  although  Carboniferous,  bare, 
especially  in  the  nppcr  beds,  many  forms  common  to  the  Carhnniferons 
and  Permian,  suggesting  that  there  may  hare  been  here  whnt  M.  Barrande 
would  hnve  styled  a  " colony"  of  Permian  furms  in  the  Carbouiferona  age 

This  funnation  in  the  I^owcr  Prorincca  is  maile  up  of  red  and  grey 
■andatoncs,  orcnaccous  and  argillaeeons  shales,  congloiDerntes,  limestones, 
gypsums,  and  marlsj  the  variuuit  mentbeni  predominating  in  difierent 
distridB. 

The  formation  extends  In  on  irregular  form  from  the  Tuhique  river, 
in  New  Itrunswiuk,  through  the  uortheru  tiud  onBtrm  |iArtA  of  Kova  Scotia 
to  the  Sydney  coal-6oM  of  Cape  Breton.  The  gyiwiferous  depctita  of 
Newfoundland  and  the  iliigdalen  Islands  also  boloug  to  Q»  same  serial 
of  rocks,  and  are  Isolated  patchiv  of  the  northern  and  eoiilem  edges  of 
the  great  mass  of  Ixiwer  Carboniferoos  sediment  which  strelcbcs  under 
Prince  Edward's  IsLind  and  great  port  of  tbc  gulf  of  St.  Lawrence,  over 
an  area  of  not  less  than  100,000  square  miles. 


ASSOCIATED  8TBATA. 

Tho  following  section,  measured  by  the  writer,  in  PioLou  county,  shows 
in  a  general  manner  the  SDocession  of  these  strata.: — 

Bod  Smle-lmlM  

ConpMt  bluUb  tiiDMCoae       ... 

Qnjr  m«rl,  with  mnIiiIm  of  KmrnM^ima  ...         .„         ,. 

Qrajr  UmiuUd  anbtone  

Orpatim,  wKh  >  t«w  Ujm  of  Kreiaoeoa*  mmtl«r 
DrOMH  nvl,  with  vrinUlU  aod  crvaUta  nf  UTiMnin 
Annaeeow  IhMatane,  fnatillfunnii . . 

OTP*"  - 

Cslcamati  HmUc  ■ndctaon  ...  ...        ...        « 
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TVy  fi>Ilow  no  regnlar  order,  but  it  is  firequeullj  obserred  that  the 
gypeom  reste  jn  the  beds  of  omrl,  in  other  cases  it  rceta  on  beda  of  dark 
liincfit'one,  altemaling  with  bcda  of  gvpsiiiTi  and  anhTdritc. 

Tbc  limeetoncB  and  shales  &ru  chnracU^rtiied  ehieflv  hv  niiim'roiis 

«  * 

LllSlliiUppodfi,  especifklly  Prudiictus  com,  Athens  subtilita,  and  Tcrcbratnk 
mfflill,  with  other  marine  invcTtcbrat^s.* 

The  Ume8ton«a  present  ererj  ahude  of  composition,  Tar}iiig  from 
orenoncoits  and  argillaooous  to  the  iiluiost  chciuicall;  pure  mineral,  accord- 
ing to  the  varied  modes  nnd  conditions  of  iu  depositioa.  The  thicknett 
of  the  beda  varit-s  from  6  indiett  to  fiO  fwt;  the  greatest  contiauoiw  section 
being  about  HOO  feet.  These  Hmestoues  arc  vt-ry  fVce  ti'om  ma^neeiaasa 
general  nilc.  Out  of  twenty  Umcetonca  from  this  formation  in  Pit-tou 
county,  that  the  writer  haii  analjBed,  but  two  contained  notiibie  per- 
centages of  thifi  mineral,  vis.,  10  and  ll)'&  per  cent,  as  curhonat^  of 
miijinrsifi,  the  average  perccutagc  Ijoinj;  2'.*t.  Dr.  How,  of  King's  College, 
Windsor,  nienlioucd  finding  considerable  traLcs  of  magnosia  in  a  gjitfinm 
depoBit  of  Ibat  lucalitjr,  and  iu  one  instance  a  large  jxTceutugc  in  a  lime- 
BCone  oontignouB  to  gy])sum,  bnt  other  limestones  in  ibts  district  nra  very 
free  ft»m  magnesia.  The  writer  finds  no  mention  of  magnesian  lime- 
stones cecurring  iu  any  uther  Nu'va  Scotia  district,  except  a  memorandum, 
perliiipH  not  altogether  reliable,  of  a  bed  one  foot  thick  met  in  a  chisel 
borehole  made  iu  Antigoniah  county  some  years  ago.  Three  limestoneB 
uaociatcd  with  gyiwnm,  near  Matx^n,  in  Cujie  Itreton,  gave  but  Iraces 
of  magnesia  on  qualitative  examination.  Tw(»  limcut'onoti,  however, 
presented  by  Mr.  Fletcher,  of  the  Canadian  Geol'.>gicaI  Surrey,  fVom  the 
vicinity  of  the  gypmim  lieds  of  .Tudiijue,  Capella-ton,  gave  ITi  and  21  per 
cent,  of  magnesia  corbonutc.  In  other  parts  of  the  island,  according  to 
Mr.  Fletcber,  the  limestones  are  noii>magnesian. 

The  marls  are,  wi  fur  as  the  writer  has  bod  opportimities  of  observing 
them,  made  up  of  a  si\itx<>vii  or  argilldccons  base  with  iiracatone,  gypsum, 
bituminoufi  and  carbonaceous  matter  in  various  proixirtions.  They  arc 
fVcqucntly  pcnctmtL-d  by  veins  and  nodules  of  gypsum  and  limestone  and 
in  some  cases  hold  the  fossils  chnracterifiing  the  fomiation. 

Tbo  sandstones  are  of  tbc  ubuuI  gray  and  reddish  colours,  generally 
murfi  bivkcn  by  elaty  cleavage.  The  conglomerates  are  composed 
largely  of  the  older  rocka,  anil  in  Bonn*  caacs  hold  pebbles  of  the  preced- 
ing beds  of  the  same  formation.  In  many  places  they  show  marks  of 
metamorpbism,  and  occasionally  are  united  by  ferrnginoua  cements,  which, 
throngh  weathering,  have  formed  deposits  of  bog  ore. 
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THICKNRS8   OP    THK    I.OWKR    CAIIBONIFBHOCS    HAUINR 
LIMRSTONBS. 

The  thtckiicss  of  thw  formation  varios  la  th«  dtfltraQt  distrids.  Id 
Cumberland  connty,  Sir  W.  Logan  latimatcd  Ihc  thitkncas  of  tlic  apfwr 
part  at  1,658  feet;  adding  tbo  Iowa-  members,  there  would  be  a  total  thick- 
new  of  about  2,500  feet. 

In  Pk'toa  coantjT  no  complete  sections  have  been  measnrfd,  and  the 
panage  to  the  MilUtone  Grit  is  ob^corc  ;  the  vriter  is  inclined,  howcrer, 
to  consider  it  as  somewhat  greater  thui  in  Cumberland  countj,  and 
ventures  to  approximate  It  at  S,000  feet. 

In  the  Eastern  porlx  of  Cape  Breton  the  offiocra  of  the  Gcolo^cnl 
Sur^cj,  have,  as  the  result  of  a  careful  and  Bj8t«mBlic  sorvej,  been 
enabled  to  estimate  iis  thickncsit  at  4,nS7  feet.  In  tlicftc  dimenBioDs  tbcjr 
have  included  the  tjreat  bt-da  of  cunglumerate  lying  at  the  boae  of  the 
rormatioD,  part  of  n-hich  may  belong  lu,  or  lie  an  vquivuleat  of,  Dr. 
Dawrsou's  lowest  or  fiflh  divii^ion. 

In  Western  Newfonndland,  Mr.  A.  Mnrray,  the  chief  of  the  Oeological 
Survey  of  that  Inland,  estimates  the  thickness  of  the  l/ower  Carboniferous 
marine  formation  at  '2,lbO  feet,  not  including  1,300  feet  of  coarse  con- 
gloiucmte,  correeitonding  in  that  foimd  at  the  same  hoHum  in  t-Ukstcm 
Cape  Breton. 


HOItlZON    OF    THR    OYPSl'M. 

The  gypeum  occurs  in  this  great  volume  uf  raeasores,  so  far  ai  is  at 
present  known,  at  no  fixed  liorirAiD.  lu  the  vicinity  uf  nitUboro,  in 
New  Bninsirtck,  Mr.  G.  Matthews  states  that  tlie  gypKum  occurs  with 
regularly  stratified  bituminon«  limestones  and  marls  directly  overlaid  by 
the  Miltstono  Grit.  In  this  district,  he  marks  the  oocurrcnoe  of  a  series 
of  limcsBtoncs  lower  down  in  the  measures,  which  do  not  appear  to  be 
gyiuiferoiig.  In  Cumberland  conoty  it  oocura  about  the  middle  of  tbo 
■eries.  In  Pictuu  county  it  is  fouud  in  the  lower  port  of  the  furmalioo, 
and  Avqurntly  only  a  few  yards  fhjni  the  Silurian  strata,  but  does  not  form 
as  prominent  a  feature  as  in  many  other  districts. 

The  rvsearcbcB  of  Mr.  Fletcher  in  Caiw  Breton  have  shown  Uiat  in 
Sydney  Harbour,  it  occurs  a  few  feek  below  the  Millstone  Urit,  and  that  on 
Boulardcrie  Island,  the  base  of  the  Bulsdalc  and  St,  Anne's  Uilts,  it 
occupies  tlte  same  position,  being  "  overlaid  almost  immediately  by  the 
gray  HodMonea  uf  the  Hillatonc  Grit,  containing  oharaoteriBtio  ftmili." 
iiboat  the  Stmit  of  Canso  and  ikear  Biiddeck,  it  occnn  low  down  In  th» 
CwboniicroDS  Limestone. 
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On  the  wpstcrn  shore  of  Cape  Breton,  at  Mftbou  and  Broad  C<tTe  it  is 
found  qnite  cIobo  to  llie  coal  i«ds,  but  this  h  evidentlj  caused  bj  faulting, 
and  affords  no  key  to  ite  projicr  iiosiLjua  iu  Lhe  Hmestunc  formation.  A 
mmilar  aflsociation  occurs  in  the  aections  of  lbs  Little  River  coal-Seld  of 
Ilichmoad  coanty. 

In  Newfuimdland,  Mr.  Mnrray  (ItofKirt  of  Pnt^ress,  lft78,  p.  15), 
places  the  Icadinjf  exposures  of  t,7pfliim  in  the  lower  part  of  the  limcatone 
formattOD.  divisioa  B,  and  Htatca  that  tlicy  ore  underlaid  b;  over  1,000 
leet  uf  coiigloftieratea  corresponding  to  those  alre-adjr  mentioned  as  ocoar- 
ring  at  the  base  of  the  Sydney  Carbonifcntn!).  The  associated  stmta  ore 
umilar  to  those  found  in  Oui>e  Hreton :  ttm  limestones  being  io  many 
CSBOS  czDwded  with  character] stie  li^^ils.  At  u  higher  hurizun,  a  short 
interral  below  measures  which  represent  the  ilillatonc  Grit  of  Capo  Breton, 
Mr.  Murray  found  sinaller  deposits  of  gypsum  associated  H'ith  magnesian 
limestones,  marls,  and  caiuareons  or  dolomitic  sandstones. 

VARIETtKS    OF    THK    OVPSTTM. 

The  grpsiim  in  this  great  soriea  of  deposits  presents  every  variety  of 
ooloar  and  state  of  aggregation,  and  a  corresponding  difference  in  its 
composition. 

On  the  Tobiqne  river,  in  New  BnmswicV,  it  niay  lie  characterised  as 
an  impure  earthy  gypsum  of  a  red  mid  greenish  eolmir  ficnmed  with  lavers 
of  pure  white  and  crysuiiline  gypeum,  and  holding  nodules  of  limestone  in 
the  ted  coloured  portions. 

At  Hillsboro  it  forms  generally  a  pnro  white  snowy  alabafitcr;  other 
portions  are  cwain-colonrcd,  or  with  a  shade  of  l^luo,  and  ore  translucent. 
At  the  works  of  the  Albert  Manufacturing  Company  there  is  a  fjuarTy  face 
ooraposed  of  the  last-mentioned  varietiea,  4f»f>  feet  long  and  from  26  to  75 
feet  high.  Selcnite,  though  met  in  reins  and  small  crystals,  is  rare.  The 
anhydrite  oocors  here  in  beds  underlying  the  gypsam,  and  is  of  unknonn 
dimensions. 

At  Susaex,  New  Rrnnswick,  selcnite  occnrs  as  single  and  grouped 
crystnls  containing  symmetrically  disseraitiatud  eand,  and  the  proct-ss  of 
formation  seetns  to  Ik;  still  going  on. 

In  the  Windsor  district,  three  ranges  of  gypsum  are  worked,  the  most 
northerly  of  witich  runs  in  an  tilmost  unbroken  line  to  Maitland,  80  mites 
distant.  Frtim  the  qaiirry  in  the  town  of  Windsor,  conaidcrably  over  a 
miUioa  of  tons  have  been  extracted,  and  tlie  deposit  shows  no  signs  of 
exhaustion.  Here  the  gypsum  is  white  and  blue  with  large  quantities  of 
selenite ;  in  some  quarries  Hmnll  berlg  of  limestone  and  anhydrite  are 
fimmd  in  the  gypsum.    At  some  points  in  the  district  large  deposits  of 
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tnuuparcnt  sclenitc  arc  foand  in  tlio  qnftmes,  aod  on  several  ocainoai 
cftTfjoes  of  it  have  be«a  sliippeii  fur  spocial  purpu^cs. 

On  the  Shubenamdif  ritcr  Uib  gjiwiim  occuni  in  Iwds  10  to  15  foet 
in  thicknem,  gencrulljr  « tth  anlij-driU;  at  the  base,  and  in  some  cases  dark 
luminalctl  limestonea  hoMiiig  Conularia,  Tcrehratula,  etc. 

In  Piclod  county  the  gxp«uin  ia  white  and  red,  holding  mnch  anb;* 
dritc.  Lilte  some  of  the  Bras  d'Or  g^iMUio  it  is  ogsociatcd  with  dcpoeitB 
ofBimthic  ore.  la  a  pajicr  read  beruro  tbe  Halifax  Itietitute  of  Xatura] 
Scaence,  in  March.  1879,  on  the  "  Marine  limestone  of  Piiiuu  county,"  the 
writer  bos  noticed  this  point  more  fully. 

Id  Antijgfoiiiiih  a  noted  exposure  consiste  of  a  beautiful  white  akbaster, 
100  feet  thick,  with  veins  of  fine-^n^ined  gypsum,  aod  anhydrite  and 
crystals  of  calcepar. 

At  Plaster  C<ive,  where  an  esposnre  is  met,  80  feet  thick,  the  masa  is 
for  the  greater  part  an  intimate  mixture  of  jjiypinim  and  anhydrite  in  rary- 
ing  proportions.  In  some  parts  of  the  bed  rounded  grains  of  lim^tuue 
aru  found. 

On  the  Bros  d'Or  Lnke  it  is  essentially  white,  but  tinted  and  spotted 
wiLb  red,  blue,  K^een,  and  other  shades.  The  strutiGcAtion  of  the  gypMim 
is  fVequenUy  undistinguishahle  fVom  ivcathcring,  but  in  many  cases  it 
Bppttn  as  a  re^lar  bed  forming  many  thick  and  shaly  layor«  iu  which 
orystals  of  fleleiiiUi  are  fre<[ueully  found,  of  a  dark  colour,  scattered  through 
the  mass  so  as  to  give  it  a  porphyroid  appearance,  or  arranged  in  rude 
tUr-«haped  forms.  In  some  cases  wedges  of  saadstone  arc  found  pene< 
Limting  it,  and  layers  of  earthy  matter,  especially  on  Iho  planes  of  bedding. 

Mr.  Fox,  collecUjr  of  cutitoms  in  the  Magdalen  Islands,  has  kindly 
fumisbvd  the  writer  with  much  information  rvhiting  to  the  gyjisum  of  that 
locality.  It  appears  to  underiio  largo  areas  at  several  points,  especially  on 
OriudalAQc  and  Amberat  Islands.  The  ffypattm  Is  white,  red,  and  varic- 
gati'd,  associated  with  the  nsitol  marls  aud  limestones,  and  presents  the 
same  faces  as  that  of  the  mainland. 

The  gypsum  also  occurs  of  rarying  degrees  ofhardoeeBr  from  a  crumb* 
IJngniaia  to  blocks  which  can  be  carved  for  indoor  ornamentation.  The 
gypsum  is  also  fuiuid  fibrous  and  grauulur  io  red  and  whito  colours,  a 
striped  gypsum,  and  rwca&ionally  ns  black  gy|isum.  The  following  analysis 
of  the  latter  is  bf  Dr.  How  of  Windsor  :— 

Orpaini            9tM8 

Anhjdrito        2«* 

BKoBiBotH  natUr     ..       „       ...  1-S3 

SMdaadckj            ...         ..        7-M 

CMsasiap(UiiMkiMl  oucneit^  with  •lamina  uhI  |irotos»d«  uf  irai  7'tt 
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The  aahydrito  occurs  in  fibrous,  lamellar,  grftnutar,  and  impalpable 
mafiscH  of  irn;^iil[ir  fnrm,  and  at  orthorhombic  crystals. 

Tbc  following  analjaefl  show  genenUlj  the  composition  of  the  BTpaam 
and  aabjdnlo  foimd  in  these  prnvincai,  the  state  of  Ap:pvgation  being 
doc  mthcr  to  the  forces  and  modes  of  it«  deposition  than  to  any  decided 
cbango  in  oompoulion  by  mixture  of  foreign  bodwe : — 
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Among  the  more  tx>mmon  may  be  roc-ntioned  Glauber  salt,  common 
salt,  calcspor,  mag;De9ia  furboaate,  mid  arragonite.  The  writer  has  also 
observed  carbonate  of  iron,  limfmiK-,  and  in  one  Itigtinioe  a  f«w  crystala 
t>f  silica,  and  at  Cbevcrie  insptssuied  bitumeo.  .Sulphur  also  oc-curti  in 
cmsll  quantity  iu  the  ^wuui  uf  WcnLnorth,  neur  Windsor,  an  cr^-stolB 
uaociatcd  with  the  mini^ral  ulexitc  to  be  noticed  below.  Ur.  IT.  T^ais, 
in  a  paper  on  "  Additiyiia  to  the  Mineralogy  of  Nova  Scotia,"  read  before 
the  Novu  Scotia  Institute  of  Natural  Scionce,  mcntioitcd  finiliug  cryetals 
of  Bulphur  in  a  quantity  of  soft  grayish  {jyjiaum,  near  Truro.  The 
quantity  present,  being  small,  was  not  considered  of  eiwafniic  value. 

Brine  springs  issue  from  many  points  in  the  Lower  Carbonitlnius  of 
Nora  Scotia,  and  ftom  some  of  them  salt  of  good  qnality  has  been  mana- 
facturcd  to  a  small  extent.  These  springs  are  trequeutly  in  tJie  vicinity 
of  the  gyjiHum  deposits,  hut  do  not  appear,  as  a  rule,  to  be  immediately 
connected  with  them.  The  presence  of  these  springs  suggcsta  the 
poeaibUity  of  beds  of  salt  being  found  intercalated  iu  thej^c  muasurea. 
Their  detection  would  be  ft  very  valuable  discuvcry  in  a  country  winch  is 
BO  largely  engaged  in  fishing,  but  no  explorations  hare  ever  been  made 
for  the  purpose  of  settling  the  question.  Wlien  the  extensive  deuudutions 
of  the  Nova  Scotia  marine  limcatonca,  and  tlie  changes  of  level  incidental 
to  the  great  thickness  of  succeeding  mcafiures  are  considered,  it  is  tu  be 
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feared  that  ancient  BTBtems  of  drainage  hove  dissolved  out  thcjc  dcporite, 
if  they  ever  eiistcd.  Bat  the  matter  can  be  settled  only  by  proper 
boring  exploratiuug,  BiuiUar  to  tbuse  which  dlscluecd  the  raluable  aalt 
beds  of  Godorich,  Ontario. 

Tito  lale  I)r.  Uow  nmde,  some  years  ago,  an  interesting  diaoo^'ery  of 
cotniKxinds  of  liorux  in  the  gypstim  and  »nliy<]rito  of  Windsor. 

lliese  minerals  occur  in  crystals  and  nodulca  np  to  two  inches  in 
diameter,  and  in  some  eu«es  form  a  considerable  percentage  of  the  rock. 
The  nodules  ore  eomotimes  pearly  white,  ujinpact,  and  liartl ;  in  other 
specimens  tliey  are  made  up  of  actcrdar  tnfts  of  prismatic  crystals,  colour- 
IcBS  and  transparent. 

The  foUowiag  table  shovs  the  composition  of  ihcae  interesting 
minerals,  and  also  of  another  duc-orered  by  the  same  gentleman.  The 
latter  appears  to  have  been  produced  by  alteration  of  the  nlciitc  by 
sclcnite,  as  it  occnrs  partly  and  completely  replaced  by  the  sclcnitc,  re- 
taining the  satne  uodular  form  : — 


run. 

SgieataaCUirlic. 
BniHaniiwaJ. 

WmV 

WttCT 

ZViQ 

10-72 

11-84 

IS-OO 

Lbti« 

14-20 

IS-&0 

was 

81-14 

Solpkunc  acid 

...              ... 

... 

81-61 

Silicic         .. 

>•• 

■  <• 

I&-2& 

i«» 

Iloracic        „ 

U-10 

W-10 

42*22 

1497 

Sods 

1120 

&1S 

... 

... 

106-90 

10000 

98-00 

lOOOO 

The  nlcxite  la  a  very  pure  form  of  the  Peruvian  buratetizo,  which  the 
writer  believes  in  found  only  in  theac  two  oimtriea.  It  has  been  hirgely 
exported  from  Tern  into  the  Cnil<-d  Sulcs  fur  the  munnfactore  of  borax, 
and  for  glazing  operations.  Should  these  Nova  Scotia  dcposiu  bo  found 
to  occur  in  quantities  of  economic  important,  tbey  would  form  a  nduable 
article  of  export^  and  materially  aid  the  output  of  the  assiKiated  g)-{]BUBi. 


OfilGIN  or  THB  GTP8UK. 

It  is  a  comparatively  easy  task  to  acconnt  for  the  origin  and  mode  of 
fonnation  of  moat  of  the  sedimentary  non-motamorphoaed  roclu.  Bat 
among  the  short  list  of  those  whose  history  ia  nut  quite  uodcrstood  must 
be  pluctd  Gy|wim. 
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Sc'Tcnil  theories  hare  been  odraiiccd  to  ucuoimt  for  iU  pi-cHvuce  in  Ibe 
geological  Bc-qnence ;  none  of  cliceo,  however,  are  applicable  to  every  ctm- 
dition  of  ite  occiirreQce. 

Dr.  T.  8.  Hunt,  in  the  report  of  the  Guologieal  Survey  of  Canadfi, 
1857-68,  given  a  detailed  account  of  wimc  int^^t•Rt!^g  cxjieriiuenlfl  nutde 
with  a  view  of  throwing  light  on  the  fiirmatiuu  uf  Canadian  duli^mites. 
From  Uiese  GX^Kiriim-nts,  whii^i  may  bo  cousidcrud  an  txteiieion  and 
modification  of  the  n'Hoarchcs  of  Ilaidingcr  and  Mitechcrlicli  in  tltia  coo- 
nciiou,  he  deduces  the  foUuwiug  views.  FiraL,  that  in  lidtea  or  sra 
basiiut  uot  having  an  uiitlet,  tliu  nuitual  deoi)ni]X)&itiuu  of  bicurlionate  of 
lime  and  Bulpliato  of  magnesia  gives  rise  to  carbonate  of  magnesia  and 
Bolphate  of  lime,  which  arc  aucLfssively  dep*.«itod  vn  cunwnlration  -, 
explaining  the  consUmt  aesocioLioQ  of  inagncaiaii  rocks  with  KtraLlficd 
griisnm.  Secondly,  that  in  8«a  baaina  the  action  of  waters  containing 
bicarbunatv-  uf  ».>da  caueea  the  separation  of  the  lime  as  carbonate,  and  the 
formation  of  a  very  soluble  bicarbonate  of  magnesia,  also  dcjmsited  on 
evaporation.  This  mixture  when  litatcd  nndcr  pi'essure,  readily  forma 
the  double  carbonate  constituting  dolomite. 

This  theory  offers  a  means  of  accounting  for  the  origin  of  the  gypBum 
of  Ontario,  thus  described  by  Sir  W.  l.nganj  *' (Jeology  of  Canada, 
1868  : " — In  the  Onondaga,  UpjK'r  Silnrian,  mcasorca  of  Ontario,  Iretween 
the  Niagnm  and  Grand  rivers,  g}^*!^!  wain  aa  k'nticular  mnasca, 
Tnrying  in  htdKontal  diameter,  from  a  few  yards  to  a  rjnarter  of  a  mile, 
and  &om  three  to  seven  feet  in  thickness.  Tlte  strata  above  them  arc 
cmsbed  and  bruken,  while  those  beneath  form  a  level  floor.  These 
deposits  are  associated  with  dolomites  and  injirlfi,  and  nt  Godericb, 
Ontario,  with  beds  of  salt  up  to  60  ftet  in  thlckne&s.  At  varioua 
poiotfi  ia  this  furmBtiun  there  are  Rprings  yielding  from  three  to  four 
thousandths  of  free  snlphnric  acid ;  but  Sir  William  IjOgan  affirms  the 
gypaum  to  have  kn;n  coutemiforaueoiiB  with  the  strata,  and  to  be  un- 
coDDoctcd  with  the  acid  ^pringa  of  tlu;  jireflcnt  day :  and  also  illustrates 
the  origin  of  the  magnesian  (Kirtion  of  the  Newfoundland  Luwer 
Carboniferous. 

It.  doea  not,  however,  apply  to  the  gypsiferons  mcaauira  of  the  Tiower 
ppovlnoefl.  These  deposits  fis  already  described,  occur  as  regular  beds, 
of  enormona  size,  accompanied  by  measures  abounding  with  the  remains 
of  a  vigoruus  marine  fauna,  and  rgaeritially  non-magnesian.  To  meet 
these  diflcrcnas  of  c^imlitii.n,  Dr.  Dawson,  in  his  "  Acadian  Geology,"  has 
proposed  to  account  for  their  formation  in  the  following  manner  : — 
That  volcanous  In  tiie  Pre-Curbonifci-utis  rocks,  suirounding  the  ocean 
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in  vhich  the  mtkrine  limcstoDoB  were  fonniitg,  |faiirod  oat  riren  of 
mlphnric  acid  irhicli,  flnu-jiig  into  the  nca,  chnngc-d  the  limMtooe  into 
gTpsam :  tbe  l«flKncd  acidity  of  the  waters,  and  the  deposition  of  detritos 
in  eomc  cases,  allowing  part  of  ihc  gT[Hiim  to  be  mixed  with  the  limc< 
stoQM  and  marlfi,  and  at  other  point«  causing  the  total  convenioQ  of  the 
limcetoae. 

There  arc  some  objectione  bo  thia  view,  among  which  majr  be 
mentioned  tlie  following : — The  oldor  rocka  now  prewnt  no  traces  of  Iba 
origin  or  action  of  the  acid,  nor  do  the  marls,  eandstonee,  and  tialm 
aasocitUc  with  the  gTpannii  and  it  is  evident  that  thcj  mast  faafe 
oocasioQallj  also  been  enhjectcd  to  it«  action.  It  may  be  qaestioncd  how 
long  a  stream  of  sniphuric  add  wonid  remain  aufficicntlj-  undiluted  to 
allow  of  an  nninterrnpted  acUon  pr<Klncing  snch  enormous  mumai  of  tbe 
mineral,  and  it  is  erident  that  over  bo  xMt  an  area  the  vliolo  maaa  of 
water  oonld  not  hare  been  acidulated  to  any  dt^ree. 

Dr.  Dawson  tjuotes  ihe  cuacs  of  acvoral  Tolcanocs  of  the  present  day 
giving  riw  to  sulphuric  acid  and  forming  gypsom  by  acting  on  beds  of 
limestone,  but  they  apjiear  trifling  and  local  when  oomparod  with  the 
extent  of  tlic  cQcct  now  under  coneidcration,  and  ore  moreover  snb-aiirial. 

Wlicn  the  great  extent  of  the  Acadian  gypsiferous  fonuation  is 
considered,  it  will  oUuoet  appear  that  the  two  thcoriea  noticed  above  can 
hare  acted  only  in  is^ilatod  citscs.  The  anomaloas  character  of  theie 
deposits  and  their  B&sociates  opena  a  new  field  to  the  cbemkal  geologigt. 
llic  writer  IB  nut  aware  of  any  other  theories  that  have  been  advanced  to 
aooooni  for  this  abnormal  locnl  development  of  gyiwiun.  There  are. 
however,  two  agencies  that  may  have  assisted  in  ibcir  formation. 

Springs  containing  carbonate  of  lime  and  sulphacc  of  magnrsia,  and 
holding  free  carbonic  acid  would  form  nipbatc  of  lime,  which^  when 
Moapingatthesca  bottom  and  partially  ^eti«^'ed  from  pressure,  woold  loaa 
carbonic  acid  and  deposit  sulphate  of  lime.  Similarly,  springs  holding 
Bulpburvtied  hydrogen,  poising  into  water  holding  carbonate  of  lime  and 
free  carbonic  add,  will  gradually  form  sulphate  of  lime  in  both  fresh  and 
salt  water. 

Some  of  tbe  Iceland  gypsum  is  apparently  deposited  in  the  latter 
manner,  and  the  gypsums  of  Nova  Scotia  are  in  some  iustoaoea  t»nnected 
with  springs  yielding  small  poroentagea  of  snlphurctted  hydrogen.  8iich 
springe,  when  rising  in  comparstiTelj  undisturbed  watcra,  would  gradually 
form  large  maaoes  of  gypsum  of  great  purity.  When,  however,  uurrcnta 
fmvailed,  particles  of  the  gypsum  wonld  be  ovried  to  one  aide  and  form 
gypMoui  narli^  and  beogmo  mund  with  the  UnuiioiMt. 
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This  force  is  perhii]i)t  jiiMly  conetdercii  unequal  to  tlie  effects  now 
Been,  but  it  mast  be  retncrulK^red  tiiut  it  i^ne  Rj-ndironous  nith  the  rIow 
growth  of  the  linieatonc  berU  nf  that  jKriod,  and  great  masses  of  lime- 
stOQG  cwmposed  entiruljr  of  ahdlB  w  at  WiocUor,  Brnokfield,  Sbubeoaeadje, 
and  other  plawn,  oaA  that  the  Bpiiiigs  iHsuing  on  lines  of  pro-pxigling 
frocturea  would  become  shitted  by  the  ilrnamic  nhanpea  of  pwssiirc  of 
aecDinuIatinif  straUi,  and  gnuluiilly  travci-BC  cousideraLle  areas. 

This  appareotly  insignificant  power  may  thus  have  produced  eflbcta 
similar  to  the  fall  of  the  leaf,  which  bos  presen'ed  Co  onr  use  lo&saea  of 
TegGUible  mutter  now  conipniBsed  iiitu  beda  eomctimca  30  to  40  Icet  in 
thickncM. 

These  depoaita,  however  formed,  were  gradually  buried  by  the  gncceed- 
iug  Budimcntfi,  and  under  hear  and  pressure  pmbnlily  liocarne  anhydratcd. 
In  tbe  nuirch  of  time,  when  the  strata  were  again  exposed  to  the  weather- 
ing of  tbti  atuiuHphure,  wutur,  etc.,  the  aubydrito  ouoe  more  became 
bjdrated. 

This  would  appear  from  cryatab  of  anhydrite  oocairing  with  their 
edges  converted  into  gypsum,  and  from  the  lenticular  masees  of  anhydrite 
embedded  in  the  gypsam.  This  is  uIbo  cunJiriited  by  the  aetton  of  anhy- 
drite from  a  deep  boring  at  Ooderich,  Ontario,  which,  when  placed  in 
fredh  or  bait  water  at  ordinai'y  tcm]icrntureB,  rn^iidly  become  hydrated. 
Silliman  found  tliat  the  gj-jmum  of  the  East  River  of  Pictou,  like  that  of 
South  Virginia,  contained  one  atom  of  water  to  two  of  sulphate  of  lime> 
aud  gave  the  folloniug  aoalysia: — 

Sulpbnnc  add       B*-? 

LIbm  39-« 

Wilbur  &-9 

10(H) 


This  compomid  may  illustrate  (he  transition  stage.  The  writer  belieres 
the  gypsum  furuiiug  murine  boiler  incinistatious  fiometimes  preBeuts  a 
similar  cumpoEition. 

Tbe  veins  and  irregtilnr  niaaaes  of  gypsum  (ind  selenitc  found  in  the 
associated  limestones  and  mark,  and  in  the  triassic  eaudetcuea,  aud 
oocmring  as  filmB  and  plates  in  the  coal  fiuama,  are  probably  a  later 
deposit  from  miueouB  solutions. 

The  broken  and  dislocated  appearance  of  the  strata  immediately 
Burrouudiug  the  gyjisum  waa  funuerly  coiisidei-cd  ii  pruof  of  their  iutru- 
rive  origin,  and  is  now  generally  considered  ta  be  due  to  the  cxpaosioa 

Bed  by  absoiptioQ  of  water  by  the  gypsum.    This  ditsLiubauce  of  Che 
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Strata  may  pr-rhnps  be  inoi-e  readily  ex]iljiincd  by  thp  action  of  water 
which  iia«  dissolved  or  worn  airay  portions  of  the  ijypsnm,  and  allowed 
the  fehates,  etc.,  to  occupy  tht;  cavitivs  tliim  formed.  The  gypsum 
ft^nvntly  prcflcnts  deep  fnnri'pl-fltiaped  holen,  which  contain  water,  aod 
on  o:uLm)nation  yield  bc-nes  ordt-er  and  otlier  iiiitmals. 

The  hydralion  of  the  gypsnm  a  lilioi-t  (listuna.'  below  the  Biirracc 
would  be  a  comparatively  slow  operation,  even  now  not  cMUplcted  at  its 
outcrop,  aud  tho  exi>ausion  would  be  fipcnt  tuore  in  binding  tlie  atrata 
than  in  it»  fhKture. 


Al'PLlCATION  OF  THE  OVrSUM. 

The  DSCA  to  which  gypsum  ia  pnt  ntv  so  mtich  the  same  in  every 
ooDiitry  that  a  detailed  Uftt  would  merely  express  tLc  iuformution  already 
poseased  by  the  meniljers.  'J'lic  soil  blue  and  wliitc  varieties  are  largely 
export«d,  to  be  ground  for  ngrictiltciral  pnrpoaea.  It  is  oonsidercd  in  tlic 
Boutliem  Stotes  to  be  a  valuable  adjunct  to  the  growth  of  cotton  and 
tobaeco.  It  is  also  much  need  aa  a  top  druBEing,  in  the  Xorthem  Statai 
uid  ihe  ProrinccB  of  Quebec  and  Ontario. 

In  Nova  Scotia  it*elf  certain  districts  have  been  well  served  with  this 
enrichcr  id  a  nrmarknble  manner.  In  the  Bay  of  Fnndy,  which  sepuiUa 
Nova  Scotia  and  New  Bmnswick,  the  tides  rise  to  a  height  of  ftom  40 
to  60  feet,  and  from  the  rapidity  of  their  movementa  exert  a  power^illy 
eromve  effect  on  every  stratum  expoaed  to  their  action. 

Great  part  of  the  Lower  Carijoniferons  marine  limestone  formation  of 
Nova  Scotia  is  iicnetmicd  by  it,  or  drained  by  its  tributoricR ;  thus  lai^ 
qnantiticfl  of  the  limestone,  gypsum,  aud  marl  hare  been  denuded  and 
re-arranged  in  large  meadows  covering  many  thousaufl  acres.  These  have 
been  protct^cd  IVom  inundation  by  targe  dykes*  and  present  a  soil  of 
tmsnrpaased  fertility.  Constant  additions  are  being  mode  to  these 
meadows  by  the  unoeftsing  dent)dation. 

In  addition  Id  this,  its  dissemination,  together  with  limestone  and  day 
thr<nigh  the  overlying  ttoils,  Imrc  rendt^rvd  large  districts  in  ComtKrlnud, 
Pictou,  Ilaiits,  and  Antigonish,  and  parts  of  Cape  Breton,  capabki  of 
producing,  when  elBciently  worked,  more  than  average  crops  of  ihe  more 
oonimoD  graitM  and  roots. 

The  compact  white  gypsum  and  aclenit«  U  nsed  for  finishing  walls, 
for  comicee,  etc.  No  more  soitabtc  phwo  tbaa  Nova  Sootia  oonld  be 
wlected  for  the  monofactnrc  of  those  cementa  into  which  gypsum  enters, 
as  the  mineral  is  cheap  and  of  erory  grade  of  qtulity. 
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Thprp  are  ninnfrrons  pjpsiim  niiilg  (watton-d  tlircnifrh  runiKJa,  and  a 
rapidly  intTcaang  amoiinb,  which  cnnnot  he  rcaditj  aiKX-rtuincd,  is  aiinnallj 
ground  for  domwcio  nse.  A  large  mill  at  Hillaburo,  New  Bruntivrick,  hiw 
been  working  for  ii  number  of  yeflra  on  the  depoeite  of  that  locality,  already 
menctoned  m  being  of  the  pratrRt  pnrity. 

The  principled  inTolved  io  the  mauuractiire  of  gypnim  are  bq  well 
known,  that  the  chief  interest  centres  in  tlie  coni[)ari8on  of  cost.  At 
this  establish  men  t,  a  forty-five  horee-power  engine  ftimisbi'S  Ihc  powiT 
ncce«Jiry  for  drivinj^  the  stoncR,  rtvolviiig  pwiB,  nmking  liarrel*.  etc. 
Fput  canldrrina  are  ust^,  each  holding  1 8,C>00  lbs. ;  in  the  courac  of  a  day 
each  boiler  will  yield  thrct  churgce.  At  preBciit  this  mill  in  wurkicf,'  Hi 
only  fine-flfth  of  its  cn|mcity.  From  what  information  the  writer  has  htx-n 
able  to  acquire,  the  coet  of  the  calcined  (typsum  is  abont  Sb.  per  barrel  of 
300  UiH.,  tiarrel  and  \iB\KT  lining'  included.  Tliis  price  would  of  courac-  Ih- 
materially  ndnced  were  the  mill  working  up  to  its  capnt-ity. 

The  w8t  (if  (|U«rrying  the  ^fypaora  varies  from  lii.  5d.  to  '2a.  Cd.  per 
ton  :  tilt'  BelliuK  price  on  board  varies  from  38.  CU.  to  4b.  9d.,  including  a 
filiort.  haulage,  interest,  etc. 

The  mineral  is  lUl  held  in  fee  simple,  and  pays  no  royalty  to  thi- 
goTcminent,  and  is  fM  abundant,  that,  ae  yet,  operations  have  been  oun- 
fineil  to  the  outcrops  of  the  beds  nearest  lu  the  avnilnWe  shipping  |K>inla. 
This,  of  coarse,  materially  reduces  it«  ]irico,  and  the  capital  chartres  of  the 
■qaarry  owners. 

The  vessda  employed  in  carrjiog  the  gypBum.  to  tlie  neighlmnring 
porta  flf  the  United  Stutes.  are  of  small  burden  :  up  to  400  (ous.  When 
shipping  from  the  Bay  of  Fundy  porta,  they  sail  up  witli  the  flood  tide, 
and  lie  in  llio  soft  mud  at  the  wlianL*  when  the  tide  foils ;  thus,  aller- 
nutely  afloat  and  aground,  they  reeoive  their  cargoes. 

The  term  "  ineihauHtjblc  "  is  seldom  applicable  to  the  treBSureB  of  [he 
ijarth,  at  they  appear  in  any  one  district ;  hut  it  may  l»e  justly  enough 
applied  to  tliose  deposits  as  developed  in  Nova  8cotia.  The  extent  of  (he 
trade,  wliieh,  alLhoiigh  eunsiderable,  lalls  far  short  of  the  facilities  nature 
has  offered  fur  it£  prosecution,  may  be  gathered  Irom  the  toUuwing 


STATISTICS. 

The  town  of  "Windsor  may  be  considered  the  head-c)uarterB  of  the 
gypaum  trade,  m  three-fifths  of  the  total  nmonnt  Bhipf>od  is  i-aiwd  in  iIk' 
enrrtmnding  Cjuarries.  The  t*^tal  amount  Rhipix-d  tivni  Windsor  since 
1833,  is  al)out  2,514,370  tons,  of  2,2-iO  Ib^.,  valued  at  about  2,200.000 
doUuTi. 


TBI  OTPsuai  or  xova  bcotia. 


The  fbllowing  table  will  almw  t}ic  avurage  rnhiine  of  the  total  export 
of  Uic  prorincc,  daring  the  loat  tw«ntjr-fi\-c  ycara: — 


Tor. 

IVm. 

Vtiiw. 

18S0 

ffi,!)01 

MiWS 

18G0 

106.«81 

»,1W6 

1865 

IS«,I» 

46iMS 

1870 

&6,06O 

7IUWI 

1878 

UKMS8 

130.003 

In  1877,  year  ending  June  SO,  Canada  exported  101.376  ton*,  rnlnrd 
lit  9G,175  dolloK  ;  of  which  Nova  Scotia  exported  96,440  tons,  valuvd  at. 
HMtf»  duUars.  In  1878,  Canada  vxport^d  100,134  tons:  ofnbiohNora 
ijootia  ciiioitcd  t)4,r>07  tons,  rolocd  at  8.%049  doUare.  Jo  I87it,  Nora 
SoDtJa  exported  Dfi.Ii^ti  tons,  valncdat  74,U2it  doUan. 

The  total  uxporls  from  Nova  Scotiu  siiioe  1854,  oro  about  ti.SOO.OOO 
(ooB,  raluud  at  abont  1.900,000  dotlam. 

Very  little  groimd  gypsum  is  exported  from  Nova  Seolia,  but  abont 
5,000  tons,  or  20,000  dollars  worth,  ia  anniialljr  exported  from  X«w 
Bmnswick  to  the  United  States.  The  imp<trta  of  ran  nnd  nutnufactmcd 
gTpmm  into  th«  wcatem  parts  of  Canada,  Irom  the  United  States,  arc  of 
an  annual  value  of  about  10,000  dollars. 

The  Unitcil  States  do  not  impose  any  duty  ou  raw  g)-pguni,  bat  the 
ground  or  calcined  article  is  subjected  to  20  per  ccui.  duty,  which  is 
practicully  pruiiibitive.  Tlierc  ianu  duij'  on  fortigu  gjjxnm  ootning  into 
(*anada  exonpt  when  ground,  then  the  dut;^  is  20  per  cent. ;  or  vhcn 
calcined,  in  whidi  case  it  pap  lb  cent«  ptir  tniiidred  [xjuhiIs. 

From  Uie  Provincial  ceuBus  of  1801  it  vould  apjicar  that  76,S87  tons 
wow  quarritd  fur  domestic  nut.  The  Dominion  ceiisus  of  1 871 ,  givw  only 
tb«  qoautit;  exported,  viz.,  96.&44  tons.  It  may,  however,  be  aastimed 
that  the  quantity  aaod  for  domestic  purposes  has  not  decreased.  This 
would  make  the  total  (jDautity  qnarried  in  Knvu  Scotia,  in  IJ479,  about 
lIiO,000  tons.  Mr.  Hunt  gives  the  ({uontity  nuse<l  in  England,  in  1878, 
at  74,008  tons,  valtnd  at  £22,472. 

The  writer  fhinks  that  ihe  foregoing,  neccsaarily  imperfect,  acconnt 
of  an  iaii><)rtaut  Cuiiadiuu  mineral  mayprovuofinti-n.'fft,  and  that,  if  of  no 
other  Tulue,  it  may  indicate  where  unlimited  qnantities  of  a  valuabki 
ngricalturul  material  can  be  procured,  should  at  uuy  time  the  progrus  of 
invention  and  discovery  allow  its  iutxoductioD  into  Knglatkl. 
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The  Pbbsidknt  said,  he  srm  sure  thcv  w«>uld  all  bu  willini;:  lo  nKxml 
the  oWiKalion  Uiey  nx-re  under  Uy  Mr,  (Jiliiin  fur  his  vi-r^-  inttrwaing 
(sommanicatkm.  There  wx-re  wveral  poinw  in  it,  hfiwovcr,  «'hich  would 
oertainly  admit  v(  eunsiiiertilik'  tlisciissiun.  Fiireiiiust  auimifFst  thuwt  was 
the  aUi-gcil  ptiMition  of  the  gy]iiniin  in  the  strata  or  Xova  Rcotta,  whiuh 
wm  oertAJnlj'  an  aneommoQ  one,  and  not  in  aooordancc  with  the  exporienoo 
of  geojogists  iu  this  country.  Tbo  writer  nuule  Btakmeiite  as  to  some  of 
tbe  usee  to  which  g}'|iBum  wiia  put,  hut  had  omitted  uue  or  two  uthera. 
For  jnatance,  g}r[tsnm  was  nutde  use  of  to  make  cotton  heavier,  and 
Bom«time8  it  wu  Ubed  to  adulterate  food.  As  to  the  question  in  relatlou 
to  gDology,  he  would  tw  rcry  much  obliged  to  Mr.  Luliour  if  hu  would 
Btate  his  views,  for  he  did  not  know  of  any  gypaum  in  Engttind  out  of 
the  new  red  saudstwue. 

Mr.  Lkbol'a  isaid,  thnt  in  Itritaiu  most  of  the  frypeiim  (icrUiirily 
occurred  at  much  higher  lioriKonH,  hut  they  lind  it  in  smalt  qimntitiefl  in 
older  bedg.  They  had  it  in  the  Old  Ited  Ssinileione  in  Scotland,  and  in 
tbe  Silurian  of  Scotland,  but  hu  did  not  know  at  any  bo  low  down  cither 
in  Wales  or  in  Enp'land.  With  regard  lo  the  Nova  Scottan  Carlwni- 
feroog  beds,  it  bud  b-en  hold  for  many  years  that  the  whole  series  of  those 
deposits  have  in  them  very  lumiy  Permian  clmmcteriaties,  Tbey  hud  in 
a  Ui^  part  of  the  Carboniferous  sprics,  in  the  north-«a8t  nf  Amurita, 
a  veiy  marked  repreisentiition  of  the  pasBnge  from  tlw  CarWniferouB  to 
the  Permian  H-rien.  Mr.  Gilpin  noticed  the  occurrence  i>f  certain  foHBils 
which  in  this  enuntry  were  unly  found  in  the  Curbuniferona  Limcsionc ; 
but  he  (Mr.  LeKotir)  did  not  think,  at  such  n  great  diKtnn<»  ah  that,  it  was 
at  all  fair  to  attempt  to  ityuclmjuize  dupu»its  by  fwuilH  only  ;  for  it  waa 
pOBBiblu  titat  those  mimtioned  had  been  dcpoeited  while  Permian  lieds 
were  being  depoBJicd  here.  The  term  Permo-Carbouiferous.  miggwted 
by  Dr.  Dawson,  was  an  excellent  one,  dcscripiive  of  the  theory  he  (Mr. 
Ijchoar)  alluded  to— thut  many  of  the  iK^-ualled  CarbunifemuB  rotika  of 
Nova  Scotia  and  Newfoundland  were  really  the  representutircs  of  the 
time  whicli  elapaed  between  tlie  Carboniferous  ocrics  of  tlits  island  and  the 
Permian  ;  in  fact,  they  were  the  rupresetitativeB  of  Lhu  gap  «liit'h  existed 
in  England  between  thu  two  scries.  He  would  not  say  (liey  were  lower, 
but  he  thnii^'ht  they  were.  In  Spain  there  were  gypanm  works  going  on 
in  rocks  uf  undoubted  Carbouileroiia  age,  and  he  believed  iu  other  jmrts  of 
the  oftntirii^nt,  gy]i8utn  was  also  found  in  rocks  of  that  age;  hut,  as  a 
rule,  Mr.  Gilpin  was  right  in  stating  that  &udi  cases  were  rare. 

Mr.  K.  F.  BoYi)  said,  that  the  author  of  the  paper  had  suggested  mndii 
which  ought  to  be  carefully  considered.    Dr.  Duwgou's  idea  aa  to  the 
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fonnation  of  the  gypram  from  the  quantity  of  sulphuric  acid  emanating 
from  volcanoes,  if  an  actual  fact,  would  to  a  large  extent  account 
fnr  the  amalgamiition  n^hich  had  prodnced  thin  beds  of  gj|)eum;  but 
when  they  came  to  beds  of  1 00  feet  in  thickness,  it  was  difficult  to  refer 
them  to  a  li(|iiid  converted  into  rock  by  eitra  pressure  and  heat.  He 
proposed  a  vote  of  thanks  to  Mr.  Qilpjn  for  his  paper. 

Mr.  Lbroub  seconded  the  vote  of  thanks  and  it  was  unanimously 
agreed  to. 

The  meeting  then  terminated. 


fhTprnit  p^ 


''Ori  efif  {^t^ffffum.  ofyiii'ii  Scofia/* 
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Sketch   Map. 
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Nova  Scotia  &  New  Brunswick 


J^osM'ariiora/eraus 
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ON   BOILER   ACCIDENTS   AND  THEIR   PRKVKNTION. 


Bk  d.  p.  UORISON. 


PAllT  IV.  AXU  CONCLUSION. 
ON    THK   CONSTHUCTIOS    0*^    UOILEKS. 

In  this,  the  conctudiii<^  section  of  the  writer's  remarks,  he  dcairos  to 
BOtioc  those  points  of  boitfir  eominietian  vliich  might  tend  lo  occasion  nr 
to  prevent  accidents,  rattier  thiiii  the  gL'iicrul  mechanical  kujk;  uf  Ihv 
sabject,  which  lia.s  alrcaily  Ixrcii  m  ubt,T  handled  in  volumes,  })ajiii)li]ctfi, 
and  coQtrtbntioDB  to  this  nnd  other  Societies. 

The  first  question  which  naturally  occurs  ton  works  manager  is,  how, 
with  erery  advantage  in  the  way  <jf  coal  and  labour,  to  uUnin  a  boiler  of 
wbicb  the  constniction  shall  affonl  every  fafiiUty  fnr  rapid  and  regular 
genentioQ  of  steam,  and  yet  be  sate ;  niid  the  secoud  inquiry  is,  to  whom 
to  look  for  this  Information.  Tlie  mplieti  tu  these  two  inqnirios  might 
occupy  m'jrc  space  than  would  be  available  in  these  TraiiaacUtmB ;  but 
the  writer  suggests  the  Following  heads,  under  which  information  is  prac- 
tically within  the  grasp  of  every  one  intereated  in  the  question. 


1.— OF  WHAT  MATERIAL  SHOULD  THK  IIOILKR  BK  OONSTHUCTKn  ? 

Caet  iron,  wrought  uron,  steel,  and  copper  are  the  materials  which  in 
varioufl  cpoclis  aud  stages  of  steam  cinh'satioii  hH\'Q  l>cen  employed. 
Cast  iron  and  copper  may  be  at  once  dismissed  Trom  practical  considei-a- 
tiuD :  the  former  ou  account  of  it«  unreliuljility  and  wiiight  (bcsitles.  many 
otJier  (^parent  drawlmcks),  luid  the  htUir  from  its  relative  aud  intrinsic 
expense.  There  remains,  then,  to  be  denit  with — 
{a.) — Malleable  or  wrought  iron. 
(A.J-Steel. 

In  both  cases  plates  have  to  be  made,  and  the«  have  to  h^  regulated 
in  size  by  the  c-ost  attending  their  pnKltiction,  as  compared  with  the 
oost  of  riveting  them  together,  and  also  by  the  facility  with  which  they 
may  be  moulded  or  adapted  to  the  various  shapes  of  boilers  recommended 
by  diffejx-nt  engineers. 


ve 
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(a.) — Iron  ;  of  this  inatcrial,  rolled  in  plates  or  ehceUt,  of  oronB  anil 
thickncfiBwi  varying  necortiing  Ui  the  class  of  boiler  to  be  constnictod, 
"Beat  Yorkdiirc"  plates,  as  rcprosonlcd  bv  thiC  Low  Moor,  Fwnley, 
1l4»w1iiig  ( Phitv  XI I  [.).  nnd  two  or  Qirix  adjiunmL  linnK,  ore  comiderrd  bjr 
far  the  most  saitabk'  for  Ixiiler  pur]io«(>K,  fur  mnnr  Tonsotjs,  nich  as  their 
Grd-reiiiiitii)|;  pro})crtic«,  tcDsik  »trvngth,  n;^luritj  in  contraction  and 
expansion,  fVeedom  from  bitstcra,  acnlcs,  etc..  and  facility  in  moulding, 
flangini?,  dishiii;^.  etc.  In  faiM  the  lemi  "librontt,"  which  has  been  bo 
mndi  objected  to  tm  nnBcicntific,  is  the  term  which  ran  most  correctly  be 
applied  to  plates  poBscaeing  tbc«e  r(.'<jui8ite  (jualiticK.  In  other  frards. 
"fibrous"  infers  ^1  the  esEentiali)  of  n^inlanu;  to  flli<K-kfi  and  Btniins, 
whether  prodneed  by  nmiths,  by  the  incidents  of  daily  work,  or  by  the 
jointing,  drilling  (puucliiug  as  sometimes  even  now  resort«d  to  in  oiTtain 
yards),  riming,  rivoting,  caulking,  testing,  or  other  strains.  Many  otiicr 
■pccicB  of  iron  arc  employed,  Swedish  luid  Kussiaii,  ranking  first,  real 
Staffonlshire  plates  of  the  uld  "hitA  bcJit"  and  "treble  best"  brands, 
Shropfihircy  Tndhoo  iKst,  and  a  few  Scotch  luakcs.  all  of  which  may  be 
rwknni'd gooil ;  "Cmwn"  plates,  and  "best  best"  of  ordinary  nuUrers, 
and  plates  down  so  low  ns  slup  bntldeni*  plates,  which,  some  few  yean  ago, 
the  writer  detected  being  used  in  a  boiler-yard  which  shidl  be  nameless. 

(&.) — Steel,  which  i-ankn  in  natan>  between  east  iron  and  mnlleable  iron, 
has  not  yet,  in  the  writer'sopiniuu,  becoconstmct«,'dinplat«.-8tirKulIiciently 
wiifonn  consistency  and  ductility  to  inspire  the  sanic  coiifidemx'  as  the 
Yorkshire  Ikcsi  plates ;  but  this  is  more  a  qui-stion  of  futnn?  test  and  nsc 
than  of  {Hist  experience.  His  own  iierE^mal  oljtnrmtion  has  not.  so  far, 
liecn  in  favour  of  steel  :  hut  thiti  nmy  he  attributed  to  local  accident,  such 
OS  inferior  coal  or  hod  water.  If  thickness  ts  sacrificed  fur  weight,  as  is 
ofleti  done  in  tin  case  of  steel  plates,  the  effects  of  deteriorating  agencies 
arc  aggravated.  It  might  also  be  worthy  of  remark,  thai  st^-et  is  more 
potently  affected  by  changes  of  tcmpcratnrc  and  kss  liable  to  recover  fVom 
■ny  "  shock  to  the  system." 

t— OF  WHAT  FORM  SHOULD  THE  IIOILBK  BE  CONSTRirCTKDf 


Space  wonid  fail  to  describe  all  the  antique  forms  of  builen ;  sumo  of 
these  the  writer  has  ahvady  illustrated  in  I'tntcs  VI.  U)  Xlll.,  Vol.  XJCIX.. 
Uiey  hare  varied  from  sjilMrical  u<  Imtlotin,  Imystack.  wagoti,  etc*,  now  all 
nc«Hy  ex^)1oded  (not  in  a  litenl  lense).  so  that  tbe  contidcnaion  of  the 
members  may  be  mainly,  though  briefly,  directed  to  the  types  nt  prt^aeot  in 
nso. 


OIT  BOITjRR  ACCTOBNTB  ASD  THBtB  PBBTBSTIOJI. 


•[,—The  Marmf  noilfr.—-V\atcs  XIV.  and  XV.  Perhnpo  no  clam  of 
boiler  hiui  aMumetl  at  UiflV-rL-iit  timeg  Buch  varied  iihapca  aA  thiB.  When 
pressnru  wcro  low  and  quantities  ofooal  raiying  from  5  Col  &  lbs.  toeach 
indicated  borae-power  had  to  be  bunied,  these  hnilcni  aianmed  Runh  for- 
midnblc  dimensions  that  they  had  to  be  made  exprewlv  U>  mil  thu  fiirm  of 
the  boat  ther  were  intended  to  propifl:  at  present,  hoi/rerer,  wbon  higher 
prtasorce  are  lucd  and  the  poiimimption  rmluoed  to  Humc^wh&ro  about  3 
Iba.  per  indicatod  horae-]x>wer,  fprms  more  in  accriixlAnce  with  acieoce  are 
rulopte*!.  mid  the  rcBult  has  boeu  n  combination  of  the  two  Tonns  of  boiler 
which  have  been  moat  succcaefbl  oa  land,  viz.,  the  Lancuslilre  mid  the 
Lwwmotive. 

Generally  a  niarini.-  boiler  may  now  be  considered,  aa  far  oa  \ts  outudo 
fihel)  and  Rrc  tnh«t  arc  concerned,  as  of  the  LnncAshire  typo,  and  as  far  na 
itatdce-Qp  and  smutl  tut>c8  are  cuncemi.>d,  ofthL*  Locomotive  type. 

The  front  and  hack  of  these  boilers  are  n«ii«ily  flat.  The  finnt  is 
flanged  to  rcoeive  the  fiic  tnbea.  and  both  front  and  hack  arc  flanfjcd  to 
receive  the  8hi;U  plates ;  the  top  parts  abi'vo  the  swiall  tulx-s  are  iwcured 
together  by  mnaeiTc  through  atwn,  fcreweH  at  each  end,  secured  by  nuta 
and  wnsherBon  ewh  sidi'  of  thp  platcH.  The  wntiT  [wtrtioii  ttf  the  front 
is  aectired  by  the  flnall  tnhes,  a  Lcrtain  nmnlier  of  which  arc  Btay  tube-s — 
that  IB,  they  are  eecured  by  nuta  nflcr  the  manner  of  the  long  slays,  and 
the  bott-om  portion  of  the  front  is  secnred  by  tlic  fire  tubes  and  by  gnsset 
plates,  while  the  centre  and  bottom  of  the  bock  are  secured  by  screw 
Btaya  closely  placed  together  after  the  manner  of  the  fire-box  of  a 
looomotiTe. 

The  fire  tobea  are  mostly  in  rings,  welded  together  longitudinally 
with  flanged  joiute  at  either  end,  lint  their  mode  of  coostruction  difTcra 
ooomderably  with  the  varied  experience  or  caprice  of  the  maker.  The 
tokes-up  which  lead  from  the  fire  tubes  to  the  small  tnbes  are  flat- 
sided,  and  are  seciirM  Ui  the  back  shell  and  to  each  other  by  screwed 
stays  after  the  manner  of  a  lucomotivc,  and  the  small  tiihes  are  so  arranffed 
and  proportioned  above  the  fire  tubea  that  they  ubtwrb  BullidGnt  heat  from 
tlie  priiduetB  of  conilmstion  to  rcdiicu  the  iriiMinvenienco  of  a  dry  sraokc- 
box  front  to  a  minimnm.  On  the  top  these  boilers  arc  nsiially  provided 
with  a  large  dome  from  which  the  steam  is  taken. 

2. — Tfte  Locomotive  Boiler. — The  general  construction  of  this  fonn  of 
boiler  is  not  varied  nearly  m  mnch  lu  tlmi.  of  the  Marine  type,  and  for 
carrying  high  preaanre-i  for  period*  of  moderate  duration  under  most  dilR- 
call  circumattiuccs,  which  exjiose  it  U)  ijtrainit  perfectly  nnconnccted  with 
its  fimetlons  as  a  Bte;ini  {ittMhieer.  it  nmy  Ik'  mu\  to  be  tlie  most  |>erfect 
aud  aotV-  boiler  ever  iiLvvntt'iL 
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In  one  of  its  most  tisaal  forms.  Plates  XVI.  and  XVII.,  the  fiicl  is  con- 
fflimod  in  a  roctuif^lAr  oopiwr  fire-Ixix,  open  At  the  bottom  and  iitayed  in 
everj-  diix-ctiim  lo  Ilw  elifll,  except  where  the  tubes  are  cuiincct4Kl  to  it,  by  a 
number  of  Mtpper  screwed  stays  vcij*  cloacly  set  together;  on  the  top  the 
comnunucAtioD  belmcn  thiae  stays  and  ttw  shvll  in  not  direct  bnt  ii  main- 
tained by  means  of  strong  liare  of  inni,  uhich,  rw  it  were,  bridge  over  the 
crown  of  thv  fire-box.  and  rest  on  its  fmnt  and  buck  edges,  uid  these 
bus  in  their  turn  ar^Becuped  to  the  shell  hy  means  of  links  and  angle  iron 
brodcete.  The  back  portion  of  the  shell  corresponds  in  shape  to  tbc  firo-box 
which  it  covers^  txicpt  itt  thi^  top,  where  it  is  Kemi-ciitnilur;  the  remaining 
pArt  of  the  shell  trhich  contains  the  tubes  is  a  c^tindcr  with  a  flat  end  which 
forvM  the  back  portion  of  the  smoke-box.  The  bottom  ix>rtivii  of  this  i)lato 
aod  the  fire-br>x  are  connK'ted  hy  the  Luliuti,  usually  made  of  soitir  alloy 
of  copper,  vtUich  act  as  stays  to  both  aarfoces,  w]iile  the  top  portion  ib 
strcDgtbcDcd  with  gussets,  or  stays,  mnning  from  end  to  end  of  the  boiler. 

As  the  draught  in  this  class  of  boiler  is  moj  nly  ptx^doced  by  the  octtoa  uf 
the  eshamt  itcam  in  the  chimney,  the  fuel  is  urged  to  an  intense  piit-h  of 
incuidesccnoe,  and  tbc  evaponttirc  p^mei*  of  the  boiler  may  Ik  said  to 
be  enonnuuB.  Strange  to  my,  the  tire-box.  althougli  sxjuare,  is  tlie  most 
reliable  jiortion  of  the  boiler,  because  it  h  aocebsible  at  all  Limes  Lo  minute 
examination,  and  shows  signs  of  faligne  long  before  it  ie  so  weakened  M 
to  become  (langerrius.  The  cylindrical  portion,  which  cannot  be  00 
minntc-ly  examined  without  withdrawing  the  tnbes,  is  subject  to  grooriog 
and  other  deteriorations,  from  unequal  expansiou  and  from  the  oonstattc 
Jars  and  frequent  shocks  it  is  subject  to.  Of  coutec  if  properly  iusfiectcd  it 
rarely  gives  way,  but  ifo  ruptun:  takes  place  anywhere  in  the  boiler  it  is 
usually  here,  the  firo-box  remnining  inlAct  and  farming  an  almost  safe 
screen  from  the  effects  of  the  exploeioo  to  the  engine-driver  who  may  b« 
behind  it. 

3. — Ijttfuathir*  and  Cornuh  boilers,  Plates  XVIIl.  and  XIX.,  prac- 
tically rcjirosent  the  same  syHtem  1  the  fonner  having,  however,  two 
internal  flues,  finil  the  lotlcr  only  one.  They  may  be  fired  Hndemrsth 
(tttc  fines  acting  as  nanm  floes)  or  in  the  flues  themselves,  the  beat 
being  conveyed  buck  roimd  and  imder  ilie  l>oilcr.  Many  differeni 
modes  of  oommunieating  the  power  of  these  iutenial  Ques  to  the  ex- 
ternal and  circulating  water  lisve  been  adopted,  ho  as  to  utilise  to  the 
highest  degree  the  heat  of  the  fire.  Galloway  and  other  lubes,  oonieal. 
straight,  and  of  various  forms,  have  been  suggested  and  emptoynl,  and  all 
to  some  extent  sncccsHfully ;  the  main  idea  being  to  kr«p  tbc  vaU't  in 
inch  a  state  of  motion  tlmt  it  will,  at  some  stage  vi  its  ciroalation,  tntiNnge 
upon  the  direct  heat  of  the  fumacv. 
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^.—ffawkithtj  mill  WiliV*  improved  latuashtre  or  Corninh  hoilen, 
Plate  XX..  have  been  fxtcnflivety  exuiiiimJiJ  and  tested  by  Ihc  writer,  and 
his  eipericnce  lemlH  to  ccjtifJrm  what  tho  ntakcrB  claim,  noincly,  that  Iwiltir 
accidents  are  reduced  to  a  minimum  hy  the  wloption  dF  their  Buiiged 
boilers. 

To  quote  the  words  of  a  reviewer  on  theae  Iwilere : — 

Hawlulejr.  Wild,  k  Cv,V  fl«i)|cnl  Rued  lioiL-r  i*  uii>iloiiM<<illy  'tav  of  the  tiart 
oonbiiVMWs  ytX.  mrritti  out  for  ninkin^  n  ntmne.  i^ImHV,  antt  xafc  llni-.  &»  nig'ht 
tw  eipocUil  from  s  vttidy  of  lliU  Kmiri^imiit  ><i  llatici'ijit  >t  npiM'sr*  lluit  xhUe 
thaiMMidjt  of  thnc  biiiliL-ra  nn-  wi>rkiit|;  in  rnriouii  part«  of  IIm-  niiiiitry.  «  good 
■tunbcr  of  wbich  huw  hwn  A<r«in  13  i>r  W  yiMfv,  iiot  «u  (-tpliwimi  !■»  occtirrcl,  ur  lif<^, 
•IT  limh,rir  |irupiTt,Y  li>wn  injiintl,«]Chimigh  on  ono  or  two  occKsioiu  at  Icait.  from  cauim 
ton  eomman  in  boiW  tnuragniKriit,  tliiiM  bt^m  httVO  Iwou  BUoa-iiJ  to  run  aliurt  of 
wator,  Biid  fluMi  boMi  tpA  luit,  Oti  oi]l<  of  »iich  t)Oi.-ii*iuiLH  tLt*  uh-iw  flange 
(sw  w-ooclcni  find  a.  a.  Fig.  &.  PUtvXXI.)  wu  Fvidotitlrpiit  n|ion  it  i  trial. 
With  «  full  lira  vid  tba  flu«*  tiare  of  water,  luch  wa*  the  runKirlmblu 
KiistAiioo  to  ulUpoc.  tluit  the  RnuifM  cliiiitmtci.l  uutil  tha  Ant  Hanged 
ringnunvdown  onLo  thir  Iwok  wnltnf  fiinuwi.,  uliilo  llao  cuam  it«olf  «tood 
to  iu  circle  wilhmit  a  rivet  hole  \m\\\c  brakrti.  By  the  diiiigt>  givini;  meh  axtmmn 
IftCltude.  coming  ns  KtaUxl  above  on  tti  iho  furiiat^e  tvnll,  tui-d  turtiing  tlioilraujtlit  out  at 
tlut  Are-holA  door,  the  aittiation  was  Chuj  di*cem«t,  Ami  life  atid  [tro[M-r1,v  wivcd,  wtiifh, 
wHh  otltpr  clamui  nf  niitxl  iHinm,  It  ia  porhaiiH  nnt  too  mach  to  wy  would  slmoft 
csrtainl;  havn  btwn  nicriliciil. 


Th«  BowliiLg  boups,  tlina, 


-\r 


H'oro  it  not  tbnt  tliey  mako  tvo  Hamt  wlhiiro 


th^re  should  only  he  otic^  a«  aita  AdiunMn'i  ftange,  are,  Hko  tli«  riiif:*,  nf  Ttw  iron,  good 
iu>  n  t&mna  of  atiffeiiitig  a  flue,  but  in  a  vaee  oi  frhortiicn  i>f  vriit«r,  a«  di<dcrib(>d  above, 
tbrj'aTcu*c-lca«.aabon('V('r!>ti1TniidrlKii]lUi-[1iu-i>rllii'buil'-riiiayb<.-.  *i)im-tliiiiK<iiii>1^v«> 
<r«y;  then  it  i>  tbut  the  ifrcat  iU)wrioril,v  and  sifoty  nf  Lbu  ogw  duf  ant  tu^iC&ined ;  the 
extra  leuf^tb  of  plate  in  tbi?  tlarij^i!  uatuTullyiii  mit'b  aerUiiiallii*!!  lliu  riii^  to  biiiid  almcat 
double  williout  ftraiiiiii^  tbu  lieamB,  n-tiicb,  witb  otltcr  flues,  break,  and  cauM  cxikloninn, 

5. — Piam  etflindtr  twili-rs,  aithtjugh  Liifurior  in  ccfinjmy  of  coiil, 
pOBBCSS  mail}'  advantagoB  in  ladlity  for  cxnmination  and  nicnning,  and  if 
conBtrticted  uf  good  iron  and  fnir  workmanship,  noocaBitatc  few  or  no 
rcpaire.  In  point  ^•^  fact,  where  small  ur  rufuee  ciwls  are  obtaiuable,  at  a 
price  of,  say,  three  shillings  n  ton,  and  no  extreme  prt-ssure  is  requirftd, 
the  writer  would  not  iitihi^sitrttingly  eimdenui  the  pant  opinions  of  many 
eminent  engineers  in  their  favour.  They  ftirthcr  admit  of  being  easily 
accommodated  to  fines  of  coke  ovens  or  furnaces,  and  are  rulutivuly 
Btronger  and  safer  than  any  of  the  intfirnally  fired  boilers. 

6. — MuUittihitlnr  boilei's,  where  water  is  comparatively  pure  and  free 
from  salts  or  other  deteriorating  luattera.  and  skilled  attendaiioe  ie 
available,  are  duubtlcsH  unrivtiJled  for  i-upid  and  eeunumical  production 
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of  fiUram.  The  fVcquent  flUipiMigut  mid  i^xixuuea  neucwituteil  l>y  nifituni 
to  miIh«,  and  the  iinwjimi  fitrain  render  them,  howorcr,  rothcr  nn- 
niitable  to  Lhcxto  to  whom  tlie  writer's  remarks  are  principal);  direct«d  ; 
but  the;  offer  many  adrantsgcs  in  atidcrgroiiiid  workings,  due  to  the 
gtnnll  Bpatf  tlie;  ttccupj"  and  the  minimum  of  weight  per  honw-power  of 
steam  cxjieiidiHl,  as  well  as  the  rapidity  nitb  which  steam  is  raiiKMl. 

McBKrs.  Uawkalv;,  Wild,  &  Co.  have  cciiatriictcd  n  sectional  Ixiiler, 
working  piTssiirc  I2()  \\».  (Plato  XXII.),  which  ia  made  up  nf  a  nnmlx^r 
of  cwmparativcly  small  itlivll»,  rendering  impoKsiblu  usiilueions  such  hh 
fivm  tiuie  tu  time  occur  with  hLrgc  diamvtcr  boilcre,  yet  the  oonstruc-liun 
in  so  plain  and  ncocMblc  to  thorough  cxtcmat  and  iiitcniul  inapection 
and  cleaning,  entirely  free  fW>m  intricate,  oomplionted,  nnd  dangerous 
part«,  that  it  stands  iini<|ite  among  high  presaure  boilers  for  stable 
working  and  nafely  from  explosiuna  and  other  ftnidcuLs. 

Similar  somewhat  to  these  arc  aI«o  the  Roota,  Pcrktrio,  and  other 
U)ilu»,  all  being  u  kind  uf  comproiuisc  between  the  uiuilitubular  and  tliu 
internal  Sued  boilers.  For  ordinary  eoiliery  work,  bowcrcr,  tho  advan- 
Lagt«  of  simplicity  of  (x^nstmctioii  and  fatality  of  examination  and  re|Hiir 
liuve  induced  tlie  writer  u^  i>asa  over  this  latter  clam  of  boilers  pcrlupe 
rather  too  cursorily. 

Baring  determined  upon  the  form  nf  boiler  nioKt  likcty  tu  uiii  his 
retiuirementa.  the  next  qncstion  which  will  occur  to  th«  employer  is — 


».— HOW  HHOi:i>I)  A  ROIt.F.lt  BK  (^ONSTKl'CTED? 

TbeooDfltroctiuu  ol'bi.>ilcni  forms  a  rer}- wide  subject  to  treat  genemlly, 
us  the  demand  fur  unu-iue,  locomotive,  ur  stationary  purposes  inrolvcfl  ao 
many  difibrenoes  us  to  need  B[)ecilic  modification  to  meet  each  case. 

Enormous  external  »lieUs  of  great  thickn«M  are  fonud  prudent  fur 
marine  work,  whiuh  would  U-  uL^dlcat  expeiue  and  risk  on  shore.  The 
locomotive  or  portable  boiler  must  be  light  aa  a  wboW,  with  \-ery  large 
eraporsUve  sorfMX  to  secure  a  supply  of  steam  under  onr-varying 
demands,  without  the  ueocasity  of  a  hirge  store  of  highly-bcaU.-d  water. 
which,  m  ordinary  boilers,  conveniently  provides  for  changing  needs. 

It  would  be  well,  therefore,  to  consider  stationary  boilers,  u  worked 
midcr  ordinary  cdrcumstauuis.  First  and  forunoat,  iu  urcry  way,  is  the 
aeleciion  of  the  most  suitable  material ;  but  here  the  choice  roast  be 
iuQuenccd  by  the  nature  and  permanence  of  tho  work  to  be  done  and  the 
malerialfl  in  the  market.  The  very  bist  material  for  boiler  work  can 
hardly  be  deeoribed  by  any  one  word,  such  as  iron  or  Uwi,  it  must  b«  ft 
material  conuintng  suflkient  strength  to  require  only  a  small  thicknev  tu 
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resist  the  ptrain  from  pressure,  ^et  tough  aud  iluctile  enongh  to  accommo- 
date itself  tu  u!I  tht!  viciesitudc^  of  elmping,  punching,  riveting,  nnd 
caulking.  Many  Bftjnpkw  ini,^ht  he  given  of  boilers  worked  safely  untJI 
neurty  corroded  anay,  akhuugh  madti  of  irua  of  no  famous  brand.  On 
the  other  hand,  modern  exAmples  mi^ht  be  named  of  steel  hoik-rs  which 
gave  way,  bcfi»re  any  steam  pressure  ipiis  put  npon  dhom,  from  the  more 
strain  of  gettin':  up  the  lirvs.  A  WL'll-kn"jwn  authoriiy  (D.  Leaner) 
describes  suitable  mat-crial  as  any  "atuH"'  which  lind  the  above  qnulicies, 
imd  named  particularly  a  certjiin  material  somelimea  called  "  mild  bWc-I," 
but  8o  manipulated  as  tn  \n^  sent  into  the  market  with  the  strength  of  steel 
and  the  tougliuesa  of  leatlicr,  so  that  a  veseel  of  it  could  not  be  burst  by 
rupture,  but  was  only  rendered  nseless  by  the  elongation  of  the  rivet 
holes  and  the  consequent  lealciiif;  of  the  joint,  making  further  preaatire 
impoesibk-.  An  experimental  vesBel,  1  feet  diameter  and  ^  iuch  thick, 
was  diovn  to  the  lastituttoTi  of  Mechanical  Kngincers  last  summer,  at 
Barrow,  under  a  prenanrc  of  400  lbs.,  which  bore  ont  the  prerions  descrip- 
tions of  its  probable  behaviour.  If  all  builem  were  of  eueh  material, 
explosions  from  over  pressure  would  be  i-are,  except,  that  the  public  would 
at  onoe  rely  on  the  material  and  increase  the  pressure,  so,  possibly,  bringing 
np  the  risk  to  itR  prefvcnt  amount, 

It  18  mofit  important  to  bo  design  boilers  as  to  leave  the  material  as 
much  as  possible  "  in  repose ;"  that  is,  with  only  a  fair  strain  iu  the  direc- 
tion of  its  greatest  streuglh  without  repeated  aide  straids  in  addition, 
causing  bending  backwai'ds  and  forwards  as  in  a  boiler  or  tiil»e  out  of  circle, 
and  constantly  struggling  to  a-ssume  the  tme  circle  under  varying  pressures. 
It  is  almost  impossiblo  to  avoid  the  need  of  adjustment  or  accommoi-Iation 
in  the  most  carefally  built  boiler,  but  the  yieldintr  material  above  dea- 
cribed  will  give  way  until  each  part  takes  up  its  fair  ahiire.  and  makes  the 
febric  as  a  whole  sceua-,  without,  as  in  a  harder  material,  one  part  being 
strained  beyond  endnmnciii  ^>efu^6  it  m  ajwiati-d  by  aurnnnndinf*  parts.  It 
nmst  be  remtrabcred  that  a  biiilcr  is  not  a  vessel  only  to  rcaiat  pressure, 
but  that  it  has,  at  the  same  time,  to  support  the  stioius  due  tu  uuet^ual 
expansion  owing  to  its  various  jmrts  facing  unctjnally  heated ;  this  pro- 
dncet  constant  movement  in  all  its  parts,  whioh  ftoon  "over  fatigues"  the 
hard  and  brittle  [netat,  but  leaves  comparatively  utiiujuied  the  soft  and 
ductile  quality  recommended. 

Having  secured  the  l)eflt  material  it  must  be  put  together  judicionaly. 
The  exigencies  of  boiler  work,  where  the  slielh  are  exposL-d  to  tiii;,  preclude 
die  strongest  form  of  riveted  joint,  and  leave  only  the  single  riveted  joint 
practicable,  on  account  of  the  danger  of  burning  off  the  outside  lap.  The 
nngle  riveted  joint  in  i^otl  and  duLiile  meUl  is  more  difGcult  to  make 
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tight  under  ^rp&t  strain  thnti  that  in  unjricldingiron,  but  it  is  much  salbr 
than  that  in  the  hankr  iron,  which  rips  from  hole  to  hole,  often  without 
sfaotvitig  it,  until  it  saddeniy  part«  altoj^ether. 

The  eimpleet  boilers  ore  still  very  complicated  fabrics,  and  the 
poiidux)n«  LfLOcufihirc  dt>uble-Sut>d  l>oiIcri,  vrith  various  internal  cross 
tubec>  are  etill  mure  coitijiliaitcd  ;  hut.  long  cxperienoe  has  enabled  the 
makers  to  adjnst  proportions  and  alkiw  for  expansion  and  Alterations  of 
.shape  during  work,  ao  that  the  whole  becomes  a  machine  upon  the 
behaviour  of  which  any  one  luuy  riJt^uLiit^)  uilli  U>l(jrab[e  cerCaiutr,  while 
poor  imitations  often  giTo  great  trouble  becansc  supposed  ii!i|>n>voment« 
to  add  strength  have  destroyetl  the  balance  arrived  at  hj  ex;>erieuoe. 
and  too  groat  rigidity  of  the  ends  has  caused  contraction  between  t  he  ciibee 
and  diell,  toon  indncing  local  failure.  The  prevailing  practice  ta  (o 
proTide  a  very  large  ]iiar(;:in  betwi-eu  the  working  and  the  burst ingprceeures 
of  boilere,  but  it  is  not  so  great  as  many  Htip[H)Be,  ntt  modern  cxpcriroentH 
on  ordinary  riveied  jointa,  and  joints  purposely  cut  fi-um  builers,  ahuw  that 
their  strength,  as  compared  with  the  suUd  plate,  is  much  Il-ss  than  ttiut 
often  given  in  books.  Some  recent  careftil  experiments  by  the  Board  of 
Trade  may  be  worth  quoting,  as  emlwdying  concisely  some  recent  Infi*- 
niation  on  the  subject. 


rt'i  1 


no.  1 


rra.  Jl 


111  cdrnUting  tlip  oueuBth  of  a  bdfer  inaili'  witb  «ii)gl«  rirtitled  Upioiiita.  tDtiw 
engliiecn  vrruncvti«l,<r  otlupi  66  |i«r  mnt.  of  the  ftrwDfUi  at  tlw  tcLid  pUtv,  <tUI«t  oiImi* 
n^nl  3MI00  Ih*.  p«r  «)uara  bioh  aa  tbe  iihiiaate  ritrcn^li  of  tbe  joint,  lrn<«|wclti-c  cf 
IIm  diftmct«r  will  pttrlt  of  tlw  rivvla,  m-  tlw  injar;  ftridit;*  from  pUBeliiajr.     Tlio  lattrr 

valiw  U  grnemtljr  pv«ii  iipcNi  thi-  autliuriLjr  uf  ffir 
WUllam  KaiHnirn.  I  Imvc  Itawwcr,  a  diAculijr  iu 
MMTUiniiig  npiM  trUdi  of  bin  vxivriuirul*  llii*  *  klcu- 
!■  t]MB«l.  R«fprriR4,  kowvriT,  fat  hb  "  Uicfal  liifv- 
nikliini  fur  Kiijtioonv,"  Fint  SoriM.  pagt  SU.  it  will 
Wscrii  th«l,  mnulclnff  upon  tho  esporimeaU  1m  liad 
nurlot]  dill  vilb  uimc  "IiisU'  rivvttnl  U|<  juJiit>  Iwrtue 
tile  tiwtorUI  hotttivit  tlte  rivrU  niiwl  to  Mllll(^  Mititl 
platcB,  kIm  uMed.  Iw  ibttM  tbat  tbe  •lrmi;t)i  of  Uw 
)oit)t*  WM  unljr  «4Uk1  to  7S  p«r  ceuL  of  lb*  tbvagtb 
uf  the  wild  piMO.  Tho  km  of  M  per  cant,  ha  alui- 
butoanot  (»  tlm-  metal  iMtncbod  ant,battoUMhiJiU7 
the  pUl«i  saitaiDMl  fav  puueklnf;,  aad  to  tbo  cCaete 
of  th«  funn  ol  tlw  joint  opon  Uw  lm«kln|t  *ttain. 

When  a  tinifie  rivetted  kp  jolitt  U  tMUd  te  il«. 

Inictioa  ii  i*  tb«Bd  that  tbi  joint  dogt  not  ntaln 

tile  farw  iu  Bguti!  1,  but  Rni  take*  that  in  igaim  £, 

ami   Snallj,  if  Umi  plate  U  duvtlki,  tluM  tn  Aiftm  3;  tlw  nniUt  U  that  lb«  nrtal  at 

Ihr  wnkwt  port  U  mbJMt  to  «nai*-br«akliig.  utidKiTn  wB7nLalDiror>tiwM  than  ■ 
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•talfht  pkto  of  eqtuil  Rection.  It  in  U>thi>m«w-hrir*kin^itcUon.  and th«  Injury  tA  the 
plsto  c*iiMd  hj  pnnr)iin^,  tlutt  thi;  low  of  SI  per  ccnU  I)  to  l>o  attriljiitect.  Sir  V>'.  (Vir> 
bkirn  remarked  tiiat,  in  addition  to  tit't*  Id^,  then  it,  tli«  lo»  iJ  utmnjjth  dua  (a  the  matf- 
ri^  agnail;  pimrhnl  ouU  In  tUbballL-r.  uiii!  the  reviewer  iMadeaeribed  before,  tbUU  44 
prr  rv'it..  vrhk'li,  tWnttnl  fnim  7S  ppr  rrnt.,  leave*  th«  •trotigth  at  ttic  jdiiit  iK\aml  ta 
obIj  82  per  ounl.  of  tlic  boIi^I  plate.  Ill  some  cxptfriincnts  which  wen  inade  about  two 
orthrwjcanriucc  williaitif'lvriwttrd  iMp  joint*,  miulp  nf  plntmif  atxntt  thit  saniu  tltick- 
ncM  aa  tbouc  in  tlie  eiplodcd  twjlLar.  tlio  InM  iluc  tn  tlii!  puucliini;  and  tbe  cfTecU  at 
lap  jiriiitjng  niu  friniul  In  Ih>  n>iouI  11)  (ler  cviit.  Ailopting  chi«  lu  tlie  Ion*  of  utrnngtli, 
•o  u  not  U)  eiT  uH  the  se^'cre  «idc.  we  liuv-c  tbo  vaJuo  uf  the  julut  lu  this  iwiiliir  a*  com> 
pM«<I  with  the  cnlid  |JaC«  eqnal  lo  onl/  Sfl  per  c«nt.  I'hv  imw-n  lenaile  ittrau  of 
tltf  lover  nhcll  platen  I^AteH  tn  the  riirrftinti  of  llir  ftmln  mi  tlic  Inii^todinal  Jnjnta 
of  tb»  t»>iU>r.  ai^d  K'liich  Ivroliv  at  «onud  part*,  u  19  Ot  toti*  p«r  ftigriAiv  tui-li.  TaLiim 
SO  p«r  cent.  n(  tjii*  giviii  l^CSS  Ihs.,  or  \(f  t)>an  half  ot  :U,(K)0  Ih*.,  which  i*  IIjus 
aliowri  to  be  fartoo  hlitli.  WiththevalDCof  10,633  llii.,w«rtiid,bjttieuiuiklcaloiilatioti> 
that  tbi-  Imrri-ing  ])rr«i>ur«  iif  IliiN  hnilri-  for  plate*  i  inch  thiiJt  wm  onlj  alwiil  lOf  Itia. 
iwr  aqnaro  inch,  .\soiie  niile  ).>latw1i>i>rc  fnictara  octiurreJ  wiut,  howetcr.  rvductKl  by 
cmrotiori  at  the  riv<;t  hall'*,  Ihc  bunting  prrMtirc  llirongh  tlii«  part  would  probably 
not  exceed  HS  Um.  |H;r  wjuurv  inch. 

Time  ]ireMure«  hr' ctilculiilfd  npon  the  uniirjitinu  lIiBit  the  material  in  oulf  «iibjoct 
to  th«  •tntiiu  arbiiiK  (rum  tbe  pruMurv  iiisUle.  and  tliat  ita  atreuctli  la  not  tcdueed  by 
overbeating  or  otb«r  cauma.  Bvon  ntiider  aiiiA  conditioiia  the  ratiu  of  tb«  bunting 
preMure  to  tliu  workiuf;  preaaun  of  88  to  41.  or  itbout  3,  U  fur  tw  lilUe.  Tliv  bailor, 
hawevcr,  did  ni>t  work  uiidf^r  lli>i»e  condiCiutis,  Tin-  [rlnUii  ttvrr  iiibju-L  Lo  conaidcruljle 
bent,  MJid  to  the  «tmiii>  »riiniiit  froiii  difri7ren<.-CH  of  eijiHiiiiuii  rauni-il  bj'  liileiuic  heat 
ptajiim  flnt  on  ono  *IOe  and  tlieu  im  atiotber,  nud  again  Ui  the  elTm:t*  of  oecnaLouttl 
■nddsn  hlaal'  of  mlil  uir  na  the  iniii  <riu  i'1iti.rK>Hl  iir  withdrawn  from  thr  piiildling' 
(sraaew.  Und«r  tbosc  circumslauc^s,  tlio  Tinretiuji  priisBure  >\i  tbe  Ivilcr  when  at  work 
muft  hav9  brpn  lee*  tJian  (tabrd  above,  and  tbn  inuri^ii  nr  fnctnr  of  mfiiti'  leu  than  2 ; 
to  wliat  extent,  Imwe^'er,  it  ia  difflcuU  to  say,  allhougli  the  cfftcU  "f  tlic  caiues  I  have 
mentioned  are  Wnnvm  to  Iw  often  v*ry  gtva'~ 

PMwiiia  not  well  nC(|iuiiiiU'<l  with  the  ctreiigth  )uid  proportlea  of  metals  ure  *omi>- 
timet  apt  to  wonder  why  the  biirrtinn  prwuiiire  of  a  bniler  bpiiiij  ida.l:nl  In  1»,  vny 
HB  lb*,  per  winnn'  iticb,  Oninld  liavc!  bur*t  at  a  Lowi>r  pivKUiv.  Soinetlmi^  thr  pUh- 
niaj  be  injured,  and  ihy  boiler  nwty  come  nndiT  tht'  liillnence  cf  •tr«iii8  whicli  It  ia 
impoMible  tfi  caletitate,  and  wliicili  are  MimartiinM  overlonkul.  Ttii-re  la,  however,  anathrr 
reason.  Tlte  bunting  pronurv  ulhidcd  to  i<i  thnt  whicli  ■nflicei;  Ui  burst  tbe  boiler  iipuo 
the  fint  npi'lirnlion  ;  Mic  jirciuurc,  of  conrw.  b«in^  itppticd  th.n  Ij-.  A  RnaLh'r  [ircMare, 
if  abovv  a  certalu  limit,  would,  bo«-i?ver.  bomt  it,  if  ctiiitiimonsly  nr  fxwjueutlj-  npptL>d, 
owing  tfl  the  clc*trnctivr  pfff-ct  of  oviMiitraininjr  iijioii  thi'  material.  To  allow  for  thii, 
for  eorronion.  defect*  in  ibe  plate,  etc.,  and  itmins  which  caiinnt  lie  oileulaled,  lln;  U'»t 
anttiontic*  m'.un>kiictiil  thnt  in  ttcnni  hrpilcr*.  t))e  working  preriAnrc  thall,  iiccarding  to 
clnmnutanmia,  W-from  ant'tijlh  io  our-fouHA  tif  thf  hiir«tiiig  prewm^ 

It  is  Lot  expodi«nt  to  givu  Iwre  the  tlttaiU  of  iintpurtion  ut'rivet*. 
Imles,  pitch  or  In]),  Kiidi  ns  avuiiIcI  Iw  Hiiitalili;  for  u  l)ciili>r  nmkur'K  inaiHia), 
and  (Iriivecl  ft'om  what  han  been  dotic  in  the  ncknuwlcd^-d  Iwst  i>mccjee. 


6tt  OS  BUII.EB  ACCIOBTfTS  JL5I)  THEIB  PRKVBIITIO!*. 

Hm  ml  and  tniu  prmciple«  iovoCrod  in  TesseU  irith  riveted  joints  atv 
oeitainl;  not  settled  and  are  etiU  o]ien  to  considerable  discnssion. 

It  \»  comparfttivcly  eiwy  with  nnlimited  mcauB  to  Iny  doum  a  aet  of 
boilers  vhcre  the  risk  nill  be  at  a  minimum,  but  the  problem  is  Bcldom 
■0  limple  Bi  this;  for  in  some  cflses  the  means  are  crippled  and  in  others 
space  is  an  object,  or  waste  heat  from  sumv  inaniiracturin^  prvei-ss  has  to 
be  made  nee  of,  and  then  perhaps  the  fccd-walcr  is  middling,  and  would 
destroy  the  best  material  at  such  a  rate  as  to  be  nnsuitable  for  any  bnt 
the  simple  plain  cylinder  boiler. 

The  pnrpose  tor  which  the  steam  is  needed  may  not  be  permanent,  so 
inferior  boilers  may  last  long  enough ;  hut,  unfortunately,  in  this  case  they 
arc  often  purchased  without  due  examination,  and  worked  after  having 
liecomc  unfit  for  further  Bcrrice. 

Closely  following  on  good  manufuctnre  of  Iwilerw,  is  judiduus  repair. 
Repair  too  often  weakens  a  b"iler  far  more  than  is  supposed.  It  is  nearly 
impossible  to  adjust  the  iitiw  work  so  as  to  take  its  proper  strsiu,  owing  to 
new  plate  generally  yielding  more  than  old,  so  that  a  mudi-re|)aired 
boiler  becomes  a  very  treocherouH  machine  and  often  deceives  tht  most 
exi«rienoed.  After  a  cerlaia  uuiount  of  repair  eweh  patch  is  one  more 
weakness. 

OENKBAL  SUUHARV. 

The  writer  has  progrcssirely  fonnd  the  impossibility  of  reducing 
within  reasonoble  oompass  the  varied  and  complicated  problems  wbidi 
the  too  comprehensive  title  of  his  paper  wonld  include ;  bat  he  will 
not  consider  even  this  a  matt«r  of  regret  if  the  various  heads  in  which 
he  has  sub-divided  his  subject,  should  chcit  Irom  other  members  of 
the  Institute  mure  detailed  cxpreRsions  of  opinion  on  any  one  or  more  of 
the  jicints  of  interest. 

These  may  thus  bo  briefly  rceapitulated  : — 
1. — Is  extrancons  insiwfiioii  dtsirable  ? 
"2, — Should  this  inspection  be  undertaken  by  UorommeBl  or  l^ 

private  firms? 
S. — Should  assurance  be  combined  with  ini^icction  ? 
4. — What  improvements  can  be  effected  in  the  beating  of  boilers  ? 
S. — Of  what  luaterial  should  boilers  be  constructed  ? 
6. — Of  what  form  elionld  they  lie  ? 
7. — now  should  their  construction  ho  carried  out  ? 
Any  one  of  those  topics  treated  singly,  wonld  of  itself  afford  scope  for 
mnch  theory  and  still  more  practice,  aud  the  writer  Lriists  that  tiie  opening 
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thn  made  by  lilm  m»y  Lie  n-cdi^'ed  out  by  uihtm  iutu  u  mirkfi  oi'  techaical 
and  Dsefnl  ixintriijiiMmis  to  ttm  'I'mnntrtions,  mid  ciinrLtidcs  with  the 
foUowiDK  extract  tVom  the  writings  of  Sir  Williniii  Ftiirbaim:^ 

It  tiM  eOier  1iv«n  t)r«  {iruiiiici-  nf  t1it  jiliilcjw i]>her  am]  man  of  ncit'iiro  lu  iTiTi-ntt^ntt! 
and  (^lahoTnt^*.  for  the  gorA  iif  mankind,  all  thmi'  phir*i<.'«l  n-nA  inathcnutticiLl  Cruthn 
which  hvMT  u|Kin  the  wsnU  of  clvlliiecl  Hiclct}'.  and  the  d»v«>lopinc>nt  of  those  lftw« 
whi(:h  Ihmn^h  n  sncn^Mioii  cf  iifrm  Itnrc  hrpn  hanilril  down  to  ni.  TbMC  tnilhn  have 
been  stitl  further  vxttnded  h J  tliu  iin'ctjlinm  ihk)  ilixoveriM  of  the  mMltauimii  ajid 
ikicmi!  men  of  pratticft!  wleno*  whowe  Htm  hovr  b»cii  dcrnt«l  tn  Ihfl  jiiinmit.  To  the 
HWiirrhic  and  Inljiiur*  of  tljwe  brnefactora  of  llie  lliiinian  nee,  we  aro  Indebted  for  mart 
of  the  coniforla  and  cnjo^incula  wc  now  poMCu ;  but  tbnc  arc  of  no  antil  nnlcM 
properly  Uffd,  and  varvfu)l,v  maiu^n^;  and  tt  ii>  tci  Ihv  nianag^meuc  of  oiio  of  thcw 
inpiiifltiii  diMrdYtTiM— Llic  iuir<>  and  MI^n•jlnic  production  of  stcatii'  that  I  woiiid,  in 
cxmrluuon,  dirert  5our  ultentioti.  To  thr  n-mbiiiml  diicorrrim  and  invuntiou*  ot  the 
nuichanic  atid  tiinn  of  ■cicuce  He  nre  iiidrbtnl  for  the  ■tcnu>eiig'iii«i  aiul  it  reuajna 
with  the  pnaWMnr  to  detcrminf  to  what  CxU-nt  ho  will  m&lte  it  safe  and  efEt-iont,  for 
in  th«  matiaijccmmt  iif  to  docil«  and  lO  powrrful  ait  luitrumcTit  de|>eitd«  iU  wcoritj  a* 
well  as  iti  (Heel. 

In  tiw  fnithful  diii'liartrn  of  this  very  impiirlnnt  diitj,  nuitiy  circiinntanocii  cronrnr 
to  render  the  »<»«  and  appliaiifea  of  Eteam-povror  profitable  and  accurc:  and  I  w9l 
avail  ni^wtf  of  thii  (i^ijmrtuuity  to  enforce  ujnm  yintr  r-Dniiilcmtiiin  thn  folldwiiig 
Hti^f^jittaniL,  wtiieh,  if  rarriMl  into  effecL  will  dniihtleM  teniiT*  to  the  ownera  t)i«  moat 
Important  atiil  BatiifnirtorT  rMiiltii. 

In  tli{!  tit^wii-enpne  the  Imitcr  ii  tlii'  Miiriv?  of  nil  jii^wrr,  and  the  qnnntity  of  work 
performed  depends  upon  the  quantity  cjf  water  ovs]iomted.  and  the  (juauUty  uf  fuel 
ronaomed. 

lu  Bcneratl™  powers,  and  the  waj  in  which  tho»i-'  powiT»  arn  iiiiral.  arc  therefore 
matters  uf  coniidumblr  iinjurrtaufL- ;  itrid  (Imw  who  would  wnrlc  will)  ecntionij  will 
require  to  attend  to  two  tliinf^s— the  perfect  caiiibuiition  nf  the  fuel  on  the  one  hand, 
and  tlie  tmnnmiiwion  aa  wpII  a*  thi-  rrtnitinn  iiF  hrnt  on  Lhip  ntlier.  In  a  well  maitaj^ 
oonccni  we  never  hear  of  eafety  vitlves  and  feed  purapa  being  "it  of  order,  there  t«  no 
t&rapvruift  with  auch  vltnl  orn^iia  nf  lafetyi  everything  i«  in  it*  giWe,  and  llie  aelf* 
actiiig  moveable  parta  of  ihc  ap|iamtiia,  anrh  na  valvea,  atnffing  hox<«,  nnd  bcnriiiga,  are 
kept  tn  tlic  moft  perfect  order,  well  oiled  mud  i^leaned,  *a  na  at  all  tiinca  to  be  ready  and 
fit  for  acTvice.  In  the  atJ^am-cnRine  aluotficanme  rcgiilarity  anil  *y*lrni  of  maiwiKcnicnt 
«e  prwcrvwl,  and  the  remilt  iti  n  pcnderona  pitvo  of  roachinerj  worlcitiK  with  a  dcj^rroc 
of  prwiaion  at  onec  the  ailmiratLini  of  the  employer  b»  it  ia  the  pride  of  the  ei)|{itic«r. 


The  Chairmax  gaid,  they  were  very  much  obliged  to  Mr.  Morisoa  for 
the  great  care  ho  had  taken  in  compiling  the  fonr  crimprrhcnBivc  nnd 
valnable  papers  on  boilcrB,  of  iviiicli  that  imw  read  was  the  last. 

Mr.  J.  A.  G.  Ko5S  a^kcd  if  he  was  rig:ht  id  anderstauding  that  Mr. 
Mori»on  wisliod  it  to  \ye  eiip])OBi'd  Lliat  douliio  riveMng  Hid  not  odd  to  the 
strength  of  a  bciilcr.      If  so  he  should  be  glad  to  linvc  some  further 


82 


DlM-TiWIO-V — BOIUili  AtVIDlLHTK  ASU  TUKUt  VHSVESTIOS. 


explattation,  sirico  this  (>|iitij<m  Hpcniei)  Homcwhat  ut  variance  with  tito 
MperimcntB  of  Fairbaira  nnd  others,  whk-h  he  thoiiglit  weut  to  prove 
that  Binglc-rivoted  juiuts  did  uot  pixnctit  Ktilfiricnt  rrashing  ■arfiio' in 
the  rivcW,  which  defect  wiw  Mmerlio<1  by  double  riveting;  fiir  boilers 
genendly  gave  nnj  from  the  vcakneu  of  the  rivcte  uad  uut  flvm  tliat  of 
the  plaUx. 

Mr.  A.  Ij.  Ktbatknimn  iwked  vtby  be»t  Torkshire  platoa  wore  the 
only  plates  mentioned  fcr  making  bciiers?  In  the  Norih  nf  England 
threc-fourthB  of  thi'  IwiltTS  were  made  of  other  brands,  one  of  which,  tbo 
Weardale,  mndc  from  th«  hctA  ores  in  England,  was,  he  thought,  equal 
bo  any  iron  produced. 

Mr.  MoBiBON  said,  that  Mr.  lioes  had  Bcarccly  caught  the  iipirit 
of  bis  remarks,  vrhkh  meant  that  be  did  not  iusist  upon  duublc  riveting 
exoept  in  cases  where  extra  pressure  whs  required,  when  it  was  unques- 
tionably of  great  use  ;  but  he  thonght  that  at  ordinary  working  pressures 
double  riveting  had,  if  anything,  a  tendency  t"i  iticrease  the  probsbilities 
of  the  plates  not  being  of  unirnrm  etrength.  In  reply  to  Mr.  Steitvenstin, 
ho  certainly  would  not  like  to  sny  that  best  Yorksliire  was  the  only  plate 
that  boilers  could  l>e  made  of;  he  only  instanced  best  Yorkuhire  a«  a 
sample  of  the  plates  that  would  tttand  best ;  and  if  boiler  makcn  could 
afford  to  use  nothing  but  best  Yorkshire  platcR,  no  doubt  they  would  do 
so ;  but  OS  these  plates  were  about  double  Sjie  price  of  other  bmods, 
they  were  only  used  over  the  fires,  and  not  always  even  there.  He 
bcIicTcd  that  some  of  the  local  plates  were  formerly  equal  to  best  York- 
shire, but  they  were  not  (o  uniform  in  quality.  Some  of  tbo  boilers  which 
had  been  at  work  for  forty  or  fifty  years,  although  exceedingly  cbe»p,  were 
made  of  plates  better  than  those  now  obtiiinable.  The  phites  they  bought 
now  were  either  nut  so  well  rolled,  or  the  iron  was  not  so  careftilly  pre- 
pBivd  as  in  |)tL!<t  times. 

Mr.  W.  <jBBR.v  nsked,  what  was  the  averaj^e  age  of  the  boilen  which 
were  going  now  ?  He  recollected  on  Inspector  saying  that  some  of  the 
bulers  made  thirty  years  ago  were  better  than  others  made  at  the  present 
time,  and  that  bore  out  what  Mr.  Morisnn  said. 

Mr.  M0KI8OK  repliif]  thai  he  knew  of  onme  lioilers  in  tliis  neighbour- 
hood which  by  rep«>rt  were  righty  yLiu-s  old.  The  uvernge,  however,  would 
not  exceed  fifteen  to  twenty  it-enre.  He  bn[*ed  that  in  ibid  diecusdon  the 
ndvantage  of  drilling  uver  punching  would  cnme  mit  strongly. 

A  tmanimons  vote  of  thanks  was  then  accorded  Mr.  Moriion  for 
his  nilunbic  |mpi-r. 


oiecinwiuH — JBrpRua>s'H  borihu  appakatuk.  SS 

Tin-  juiiici'  mi  ■'  .Icfli-rBon'B  Automatic,  Free- Fulling,  IlrdroQlin  Boring 
A.pparstu&"  was  theti  ili8cuit«.'d. 

The  Chaidman  renmrkt^d.  that  he  had  not  read  the  paper  Lhrongh, 
but  in  tlie  la«t  clauw  tbc  writer  said,  "  although  tLc  deai<;n  hat)  not 
been  BKitootl/  trifd,  }%t  as  it  ia  a  conibinHtion  of  [Dutbods  which  have 
been  in  acttial  use.  the  invt'utor  iDrlievee  that  he  has  warrant  Tor  stutiug 
that  ft  wotild  be  found  chca)«r  than  any  existing  method,  and  eecond 
onlj  to  th«  Diainuitd  K<x:k  Drill  iu  s]>Ged."  This  was  subj^cl  for  regret 
aa  difficullien  always  ari^  in  practice.  The  priuci|ial  feature  of  the 
invention  acemcd  to  1»  forcinR  wnler  down  ootsidr  the  bnre  rod,  and 
then  up  through  the  centre  of  the  bore  rod,  iii»teHd  of  foreing  it  doitn 
through  the  rod  und  up  between  the  rod  and  the  side  of  tbv  hole.  Mr. 
JefTerson  vas  jtresent,  and  perhnpo  would  Irki.'  to  make  some  i-einnrks. 

Hjr.  JEFFEnfiON  said,  that  in  opening  Uie  diKC-uasion  the  Chaiiman 
bad  pointed  out  what  was  certainly  n  very  great  lUlUculty  in  arriving  at 
»  concliisiv.,'  derision  an  to  thv  pmcttcal  myriia  of  die  apparatus,  namely, 
that  it  had  not  be<-n  at  work  ;  but  the  apparatun  had  only  been  invented 
a  abort  time,  aud  boriugs  weiv  not  commenced  eveiy  day,  therefore  it 
waa  difficult  to  gut  it  tried.  lie  hail  not  patented  tlic  appaimus  Iwcaasc 
be  did  not  think  thai  any  mie  system  was  iu  all  caacii  ibo  best,  but  that 
liie  choice  of  apparatut^  ghuuld  depend  greatly  on  the  character  of  the 
atrata  to  be  passed  tliroiigb.  The  arraugeuicnt  he  had  brought  before 
tbcm  readily  allowed  of  a  variety  of  tools  being  used  at  the  bottom 
pr  the  two-iucb  piping,  aud  either  a  rotatory  or  percoasiTe  action  of 
the  tool  being  pni])l<iyvtl.  The  apparatus  i»uld  readily  lie  removed, 
and  the  ordinary  grappling  toula  attached  in  the  case  of  breakage, 
whilst  a  breakage  of  the  rods  was  u'iten  fatal  to  the  Diamond  drill.  He 
considered  there  were  thi-eo  principal  parte  in  thia  uppamtus.  First,  there 
was  what  they  knew  as  the  free-falling  arrangement ;  iho  aecond  was 
the  mode  of  pruducing  rotation  ;  and  thirdly,  there  was  the  current  »f 
water  down  tbc  outaide  and  up  tbe  inside  of  the  rod.  Thia  n-cc-tiilling 
armngcmeut  wae  not  exactly  new.  but  was  a  modification  of  one  invented 
by  Degousce  thirty  or  I'orty  year*  ago,  which  liad  been  tried  aud  fouad 
to  work  very  well  in  practice.  Tiie  arrangement  for  prodncing  rotatiun  la 
an  arrangement  which  ia  rammun  in  alt  [Hiring  niachines  for  band-boring ; 
and  the  uae  of  n  cnrrtnt  of  water  down  the  outside  of  the  appnratua  and 
up  the  inside  was  one  wliicb  hail  lw;en  extensively  used  iu  Wcnnany;  he 
had  seen  it  in  use  there  himself  bringing  up  pieces  of  rock  from  cue  to 
one  inch  and  a  half  long  and  one  inch  thick.  liVitb  regerd  to  the 
details,  the  shue  was  shewn  attHcbed  by  a  eiTe«.  but  lie  thought  it  would 
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\)e  bettor  to  have  the  npper  part  ur  thn  ahw;  ctinicil  tAper,  ond  fkatctied  with 
n  cotter.  In  Plato  XLVI.,  Vol.  XXIX.,  the  apparatiis  was  arranged 
for  boring  contiiiuoui>1}',  but  tUis  wua  not  necessary.  Thoj  eoiild  tell 
almost  immediately  by  the  rods  when  passing  from  any  other  strata  into 
ooal,  and  for  ordinftrj  uae  bo  would  suggest  that  the  chisel  ahoald  go 
right  acrosi  the  boretu^e,  and  not  as  diovn  in  the  pliite. 

The  Cn  AIRMAN  said,  that  with  respect  to  the  last  snjtj^tjon,  he 
would  aak  what  diameter  o{  hole  fui  ttpjisratus  like  the  one  andcr  diKDSgio>a 
wniild  be  <«[»able  of  boring,  so  that  the  whole  of  the  debris  shuttid  bo 
washed  up  (Vom  the  bottom.  He  was  informi-d  by  his  friend  Mr.  Bewick 
that  the  Diamond  Borer  was  not  always  to  lie  relied  npon  iu  getting  np 
a  corc  when  going  Ibraugh  ooal,  and  be  wished  to  know  from  &Ir.  Jefler- 
Bon  if  there  wonld  not  l>e  the  same  diillrulty  with  the  new  horcr.  He 
woold  also  like  tu  have  some  particulars  as  to  the  cost  of  boriag. 

Mr.  IjRnoim  said,  he  could  confirm  the  Chainnan's  statement  as  to 
the  Diamond  Boring  and  its  occaBional  faulty  indication  with  respect  to 
coal.  He  had  a  strong  proof  of  that  two  years  ago,  when  be  delivered  a 
lecture  on  "Coal  and  Coal-getiing"  at  the  annual  congrcs  of  the  Gas 
Managers'  Association.  He  happened  tn  mentinn  that  in  boring  with 
the  Diamond  apparatus,  in  some  cases  coal  hitd  been  gone  throttgh  with 
litUe  or  no  record  of  it.  and  this,  he  thought,  might  be  attributed  to 
tbe  action  of  the  water.  That  leetnrc  was  fnlly  reported  in  a  good 
many  papers,  and  be  aflerwuTxl^  received  n  letter  from  an  oQicial  of  the 
Diamond  Itoring  Company  on  the  subject.  He  had  praised  tbo  Diamond 
Boring  system  very  much  in  the  course  of  bis  lecture ;  for  this  his  correo- 
pondent  thanked  him,  but  added  that  he  was  very  sorry  for  what  be  (Mr. 
Tiebonrj  had  said  as  to  the  defects  of  the  system  when  recording  cool, 
and  state<l  that  whcncTcr  they  came  to  coal  they  ceased  boring  with  the 
Diamond  and  used  the  ordinary  apparatR*!.  I'he  writer  of  the  note  also 
remarkMl  that  experienced  borers  knew  by  the  touch  of  tbe  rods  what 
they  were  going  through  to  a  certain  extent.  The  depth  indicated  by  the 
ooree  and  dtbri$  raised  by  tlio  Diamoud  apparatus  was  very  great  in  the 
Snb^Wealden  boring,  which  waa  sank  with  the  greatest  cure ;  bnt  tht-rv, 
owing  to  (he  large  amonnt  of  soft  rock  and  day,  it  was  found  th»t«  on  the 
•Temge,  for  every  15  feet  of  rock  bored  thmngh,  they  got  «tuly  U  feet  of 
o(H%.  With  that  before  tbem,  tbcy  had  a  proof  that  the  [irooxs  was  not 
a  perfect  one  whenever  tliey  got  to  soft,  and  especially  tight,  rock. 

Mr.  MoKisoN  said,  that  with  respect  to  boring  and  detecting  ooal 
by  the  ordinary  liand -process,  it  used  to  be  a  kind  of  superstition  among 
the  old  North-country  borers,  thai,  they  contd  always  tell  when  they 
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tODolkad  coal,  becftoie  the  ^hrit,  sand,  or  mud,  &nnk  immediately  to  the 
bottom  of  tlic  hole,  but  \vs  did  ni't  find  this  alwH}'B  a  fact.  Id  pqc  catM. 
3  feet  of  coal  wa8  catered  iu  the  boring  Ixiok  iia  10  inches  of  sand.  He 
did  not  think  thcj  oonld  rely  npon  the  borc-rodu  alone  for  knowinff  wliat 
thej  were  goiag'  through ;  but  both  the  Diamond  Borer  aud  the  inren- 
tion  of  .llr.  JfiTerBon  wtmid  certainly  pive  tntwe  leliahle  resnlts  than  could 
be  obtained  by  ttie  old  proccna. 

Mr.T.  J.  Bewick  said,  that  ei^  tar  ia»  the  Diamond  Borer  wan  c<inoenied, 
the  percentage  of  cM>rc-fl  depended  very  much  upon  tlie  nature  of  the  strata. 
The  Sub-WcaMt-n  borinj^  mcnttcmt'd  by  Mr.  Lcbour  was  certainly  a  good 
example ;  but  in  paesiog  through  coal  the  core  as  a  nite  was  more  than 
what  he  had  indiiauid.  It  dL>)H-ndc(l  upmi  the  size  of  the  hole  put  down, 
which,  with  the  Diamond  Borer,  might  easily,  he  believed,  be  made  bo 
as  to  give  a  core  of  from  10  tn  12  if  not  14  inches  in  diameter.  In 
ordinary  rock  the  average  brought  up  was  aometimen  as  mucli  as  91)  per 
oent^  of  the  depth  bored.  They  could  diatingnieh  when  pawing  through 
some  kinds  of  coal  with  compRrative  correctneai,  bin  if  the  coal  was 
aoft  no  apparatus  could  indicate  with  accuracy  its  thickuetss  by  the  tiebris 
raised,  hecaufie  it  got  mi^cd  with  »tni].  What  this  apparatus  of  Mr. 
Jeflfenson's  could  do  it  was  impossible  to  say. 

Mr.  LtiBOun  said,  the  instance  he  gave  of  the  Bub-Wunlden  boring 
in  the  South  of  Kngland  wfts  coiifesaodly  n  very  citrcme  one.  as  it  was 
chieHy  in  clay  and  soft  rock,  und  would  not  apply  to  the  strata  of  the 
North,  which  were  chiefly  compact  ihale  aud  hard  ruck,  fie  could  agree 
with  what  Mr.  Bewick  aaid  as  tn  Dieimond  boring. 

Mr.  Merivale  said,  a  hole  mis  being  put  duwn  near  Port  Clarence 
by  Messrs.  Bell  Brothers,  for  salt.  The  Diarnr.nd  »p[iar«tii8  started  away 
Bt  26  inches  diameter,  which  was  rednced  now  to  about  Iti^,  and  they 
n'erc  losing  about  10  per  cent,  of  core.  It  is  almost  entirely  through  red 
aandstoue.  It  did  not  seem  very  friable,  hut  he  had  only  observed  the 
oorcB  from  the  hard  rock. 

The  Chairman  said,  they  had  been  UM  that  some  time  ago  an  agent 
of  tbe  Diamond  Company  said  that  when  they  rame  to  coal  they  aban- 
doned the  idea  of  getting  a  core.  Could  Mr.  Bewick  tell  them  if  this 
was  BO  now  ? 

Jlr.  Bewick  naid,  that  was  not  «o,  they  always  exereised  the  greatest 
caro  in  Becnriug  cores  nf  ctml.  As  soon  as  they  thought  Uiey  had  reached 
the  cihlI  thif  ({uantiiy  uf  water  waa  materially  reduced,  or  perhaps  the 
boring  was  contiuued  dry  with  the  view  of  getting  the  whole  of  the  coal 
out,  but  he  did  nut  know   what  bucccbb  had  attended  recent  efforts. 
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There  bad  been  manj  invention*  to  bring  ont  a  Bolid  core  when  boring 
through  coal. 

Mr.  Lebouu  said,  he  received  liia  informntion  ftova  Mr.  Vivian. 

The  Chairman  iovited  Kr.  Baile;,  Jun.,  who  vm  not  a  m«mbor  of 
tlii'  liiatilute,  to  speak  on  the  subject. 

Mr.  T.  H.  Bailsy  biui],  that  nt  the  Perrjr  Sinking  ncur  Birmingham, 
the  Company  had  within  the  Inst  three  ycni-s  pnt  down  a  hde  with  the 
Diamond  Dorer.  The)'  coinmeiioKl  nith  ii  7-inch  hole  terminating  with 
a  4-iuch,  at  n  depth  or  1,700  feut.  but  at  that  depth  tJie  Uiring-riMhi  nn- 
fortnnatelj  iimke  in  the  cuiiin^,  nnd  thcj  were  unable  to  recover  them, 
so  the  Bcheme  was  nbanduiwd.  I-^mm  the  whole  depth  they  obtained 
only  1,100  feet  orcon^.  lie  liiriujjht  the  loss  whk  principally  occanomed 
by  the  quantity  of  water  forced  throogh  the  boring-roda  and  core  tabo, 
and  round  the  end  of  the  Diamond  crown,  which  washed  nway  a  f^rcat 
proportJoD  of  the  strata  forming  the  core  with  the  debris  which  would 
otherwise  have  choked  the  crown  in  iu  work.  TIrj  fonnd  in  passing 
throagh  the  (oftcr  strata,  of  which  there  were  many,  that  (hey  were  all  bnt 
waidiod  away  tiiiitiaflei- titue,  ibo  con*  tulie  coming  to  the  earface  with  very 
little  in  it.  The  men  eaid  th&t  in  one  of  fonr  holes  bored  into  the  coal 
meoAnres  they  pushed  ihrotigh  8  feet  of  coal  without  n  vcitige  of  coro,and 
the  only  way  they  coiihl  tell  there  was  coal  was  by  llie  colour  of  tlic  wat«r. 
The  boring  was  thntngh  the  new  red  eandsione. 

The  Ohaiuman  said,  that  Mr.  Bewick  had  told  him  if  the  disausion  was 
adjourned  lie  would  get  particulan  of  the  penxniagea  of  tbe  core  throagh 
TBrious  Blrata,  which  would  be  valuable  iuformation  ;  the  question  was, 
whether  Mr.  JelTtrmn,  who  no  doubt  hatl  come  here  at  some  incon- 
Teuience,  would  like  the  discussion  adjoumed  for  further  information. 

Mr.  JxTFRBBOK  Bald,  he  hod  no  objection  to  have  the  discnanon 
adjourned.  His  attcntinn  had  lK«n  specially  drawn  to  boring  whitsi 
Btnd^iDg  at  Clausthal  in  ticnnuny;  he  had  been  mncb  struck  with  tbe 
ingenntty  displayed  by  the  French,  Belgian,  and  Qenitao  engineers 
in  boring,  and  had  followed  the  varioua  inventionii  with  mudi  oaro. 
Two  years  ago  he  was  in  Ovrinany,  and  lie  w«nL  to  wv  Ucrr  Kobricb. 
who  was  the  chief  Boring  Ins[)cctor  for  the  German  (iowmment. 
Tbe  Govermnent  owned  the  minerals  in  Prufwia,  and  sjicnt  a  certain 
amount  of  moooy  every  year  on  boring.  Ili-rr  Kohrich  was  Ir-ring 
at  Srhunelwck  with  an  apparutus  which  he  hud  invetitcd,  and  which 
WH  nry  BOGQessfbL  At  great  depths,  however,  it  was  moat  exbuuBting 
for  the  workmen  to  twist  the  boring-r<>ds,  and  be  thought  it  puniblo 
to  design  an  apparatos  which  would  work  automatically.     Onv  roasua  far 
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bringing  thie  matter  before  the  Nortli  yf  Kngltiml  Institute  of  Miniop 
and  Mechiuiical  Kngrnoers,  was  Iwcatisc  the  Iiistiiiito  occupied  a  |ipcnliar 
position.  A!th(Hi;rh  ctiWcd  the  Norih  nt*  Fnglanil  Institute  of  Mining  and 
Mechatiicnl  Engineer!,  its  TranKnctJous  vcsnt  all  over  the  world,  snd  it  was 
rcallj'H  nMlioiml  Intitiliite;  luid  lie  thought  if  this  iippiimttiB  was  descrilied 
in  the  TrniiBH-'tions  there  would  be  a. me  chnnctiof  having  it  triod.  With 
regard  to  the  quc«( ion  of  sise  asked  hr  (lie  President,  he  duubtwl  whether  it 
might  be  arainged  for  boring  out  shalU  on  the  Kind-Chandron  principle, 
Hit  he  RHW  nu  rww(.Hi  aguinsL  thir  jKwiiiibilitj  of  Iwring  boles  SO  inches 
diamrtcr  np  more  with  it.  It  wiin  an  adrantng(>  of  the  design,  however, 
that  it  Was  not  necessary  to  beg'in  with  very  large  diameter*  to  attain  a 
cunsidemhie  dcptli,  and  it  nllowtud  a  bnnj<hoIc  hcing  widened  out  with  very 
great  rapidity. 

In  birring  for  coal  the  main  object  is  to  ascertain  the  depth,  thickuoas, 
utd  quality  of  a  bc<l  of  conl,  and  not  to  obtain  cvreB  iiLl  the  way  ft-om  the 
Htir&ce  to  the  ontd.  The  eliamcU'r  iiiut  thickncfw  of  the  varioiiH  strata 
puaed  through  are  given  with  all  practical  accnrncy,  by  the  onlinary 
methods  l.i>.,  by  the  debrti  brought  upj,  and  quite  near  enough  for 
making  the  estimate  of  the  c<iat  of  einkiiig  ehall.  The  Diomtind  drill 
failed  to  bore  coros  in  coal,  and  conscqiiently  it  seemed  to  him  that  the 
speed  of  the  Diamond  drill  ia  its  greutefit  advantage.  whiUt  the  reodineBft 
with  which  it  bores  ont  coi-es  iu  hnrd  ground,  is  a  more  apparent  than 
real  advantage. 

As  to  the  coBt,  it  was  estimated  (Him  iDformation  given  to  biiu  by 
Herr  Kohrich,  and  from  the  actnal  cost  of  a  number  of  borings,  executed 
with  varinns  free-falling  instviimeiits.  On  the  next  jwjfe  will  lie  fonnd 
a  amiparative  table  of  twtH,  taki-ti  from  the  p«i>cr  on  b'jriug  in  the 
Traiifluctions  of  the  Midland  Institnte,  tVnm  whinh  ir,  n-itl  be  seen  that 
the  cost  by  the  Diamond  drill  is  upwards  ot  three  times  as  great  as  by 
tho  other  methods.  The  new  appiimtiis.  taking  i  ho  siiccd  of  the  npparatns 
of  Herr  Kobrich  as  basia,  will  have  a  BpooJ  approaching  that  of  the 
Diauioud  diill.  Iu  boriug  thruugh  coal,  ho  would  Bug'gest  that  the  shoe 
which  he  hud  shown.  Fhould  be  changed  as  Boon  as  it  was  mippotted  frnm 
the  feel  of  the  rods  that  coal  was  reached,  and  the  oorc  taken  out  Uy 
rotation  nitb  a  special  tool.  If  they  were  boring  for  coal  they  should 
have  the  cori's  bron}.'bt  op  iiuw  and  agniti  as  a  sort  of  aEaurance  that 
they  were  right  iw  U}  tlie  tniilLTiid  hrutijilit  up,  bat  he  did  not  think  it 
was  really  uetessary  to  hitve  the  cure  bored  all  the  way  down. 

The  (.'haikman  said,  they  would  all  join  with  him  in  thanking  Mr. 
Jeffei-BiJii  fi»r  his  vahinblo  contribiition  to  their  Proceedings.  The  discus- 
sion noidd  I'l.'  ailj'>iLt*tii'd,  mh\  Mr.  ficMitk  had  pimuitKfd  »'iiii.'  Jiifu'rmatioii 
as  to  the  ]jerccntuge  of  the  corsa. 


viBouasRnr— WBOnOHT  ibom  ih  ooMPRRi^iOir. 

Mr.  Richardnon'fl  pappr  "  On  the  Strength  of  ■Wrought  Iron  m  Com- 
presttioa''  vtm  then  discussed. 

The  CiiAiBMAN  said,  such  uii  iioportaQt  pajwr  coming  fhtm  o  gentle- 
maa  uf  such  expcric-uce  m  Mr.  Hicliardaun  ivas  a  rQo«t  vahiaUte  record — 
it  ffu  ouc  ou  which  only  Kcntlomcn  wliu  hud  hud  i:xt«nsls~e  pmctiw  <.»iild 
offer  nny  opinion.  If  hie  coiicliisiuns  nrc  curiert.  then  the  strength  of 
girden  is  vt>nr  inatcrialtT  increased  tuj-uiid  that  denved  from  the  nsna] 
formalai.  Perhai'S  Mr.  IticbHrdajit  might  have  forthiT  oUen'utiotis  U) 
DuUcc. 

Mr.  RcoiiAitrisoN'  sAtii,  he  hnd  tiothinf;  further  to  add  to  hispnper,  hnt 
he  lioped  to  be  abtc  aftei-wards  to  submit  to  the  lustitute  the  rcsalt«  of 
some  oxperitneiits  uii  the  tjuostiun.  He  BUlTcreil  Irum  a  severe  illiieas 
about  the  time  the  iiiper  «a«  rRad,  and  hn  fullv  iiiU'tiileti  to  have  some 
experiments  innde,  not  t4J  establish  data,  iMjcuiim;  siidt  ex]<cri[iieiit6  u^juld 
only  be  made  by  gentlemen  who  could  deTotc  Bi>ecial  letsims  to  the 
Rubjpct  i  but  sunply  to  an^rtain  what  antonnt  of  foundation  there  was 
fur  the  fou^hisionB  he  had  arrived  at.  He  had  Ickb  doubt  iu  bis  luiud 
tlian  when  he  wrote  the  poiwr,  bcciiusii  it  had  elidted  Icttt^rs  from  A'iendS 
in  variouh  fi-irtg  of  England,  and,  in  fact,  of  the  world  ;  be  bad  had  even 
a  letter  from  3:.>utb  Afrieu ;  and  he  fotuid  u  uiiauiuiiCy  ui  nupiiurt  vi  his 
views  which  almost  stfirtlcd  himself.  The  vicsrs  be  propounfied  «cre,  to 
a  curtain  extent,  'm  direct  eon i radiation  of  the  Jitrurea  and  data,  and 
dediiiitiona  whii*h  hud  Hpijcared  in  ahiiust  every  tcxt-lmok  puliliahed  for 
the  U*t  twenty  yofini.  RcfieKtiiig  u]nni  th**fc  with  KnrDilitj.nnd  kunwing 
that  what  Iiad  been  written  iu  teit-bi»«>k8  liad  been  deduced  fr,«u  ex}ieti- 
mentf>,  and  kmrnju^  that  8ir  Wilbani  FuirbiiEni  wiw  a  pninatjikin^  and 
careful  test-maker,  it  Hc^^med  to  iiim  that  the  errnneous  dediU'tions  hod 
been  developed  in  the  niaihematical  dediidiuus  derived  from  the  experi- 
mouta.  He  thought  that  Sir  William  Fnirbairn  had  nut  HulSm'Utly 
appreciated,  in  his  mathemfltical  formulic,  the  difl'trtnce  l>etween  a.  factor 
and  a  function,  iuid  bo  bad  been  led  into  errui-s,  which,  eo  farus  he  could 
tee,  were  patent  apon  the  face  of  what  that  gentleman  had  rritttm  ro 
explanation.  In  the  dnta>^ivcn  for  calculating  the  9trciigtb  of  matcnals 
and  Btructnies,  whetbtr  in  wniufrlit  or  ciu-t  iron,  it  wag  usual  to  make  the 
Htrengtii  uf  the  column  deua'aee  iaveitiely  as  the  length,  which  meant,  if 
it  meant  anything,  that  if  a  uolnuiii  was  a  ccrlain  Htrenglh,  it  would  be 
half  tlia:  strength  if  made  twice  oa  long,  and  fire  versa.  Common  fietise 
showed  that  nut  U)  he  the  case,  lie  ehoidd  be  incliaod  to  think  that 
in  wrought  iron,  or  any  other  Buhstaiice  that  had  olaatiL-ity,  both  in  c<'>m- 
prwaion  as  in  tension,  an  iucreaae  of  the  surface  through  which  the  strain 
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took  placo,  must,  within  limits,  instead  of  decreasing,  actaallj  incFeaae  the 
strength  of  the  structure. 

The  Chairman  said,  that  he  hoped  Mr.  Richardson,  by  the  experi- 
ments which  he  had  promised  to  make,  would  be  able  to  maintain  his 
views,  which,  if  correct,  would  pro\'e  a  very  great  boon  to  all  who  had 
large  iron  structures  to  erect,  and  that  he  would  communicate  the  result 
of  his  experiments  to  the  Institute. 
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NOTES  ON  DIAMOND  ROCK  BORING. 


Br  T.  J.  BEWICK. 


To  the  mcmbcra  of  an  InaLitute  sudi  as  this,  cDmimBini;  both  Mininx 
and  Mechanical  Engineers,  rocV  boring  is  pspeciatly  inl* resting,  inasmuch 
SA  it  combines  mccbAnic4il  skill  &nA  appliances  with  a  knowledge  of  rariooB 
strata  aud  the  miQernlH  occurring  therein. 

Having  at  the  meeting  of  the  members,  held  on  the  1th  DcKicmbcr  lut, 
undertaken  to  fnrnish  some  particnlare  on  the  questions  raieed  in  the  die- 
casuon  iipuii  Mr.  KL>bt;rt  Miller's  paper  on  "  Jeffereon'B  Automatic  Free- 
falling  Hydraulic  Boring  ApjiurataA,"  witli  eapecial  reference  to  the  results 
obtained  in  boring  throngh  vnrioiis  strata  by  the  Diamond  Rock  Borer, 
the  writer  now  bt'^s  to  submit  the  toUuwiiiff:— 


A3  TO  CORES. 

In  the  early  ciporienco  of  those  using  the  Diamond  Borer  the  per- 
centage of  cores  obtained  naforally  varied  mnch  in  different  stratft,  but 
in  the  coal-mcasurea  formation  eus  much  &fi  95  per  cent,  of  core  waa  not 
anfk^uently  brought  out.  At  that  time  sufl  beils  of  slmle,  inarl,  and  coal 
did  not  jicld  cores,  oning  to  the  fact  that  the  holes  put  down  were  so  small 
in  diameter. 

For  some  timo  after  the  first  introduction  of  the  system  the  holes  were 
ondcr  2  inches  diameter,  and  the  Koree  ]iriKliieed  were  abtint  J  inch. 
This  smallrieas  in  the  size  of  the  liolos  rendered  it  mr-Ht  difRciiIt  to  s<.-cure 
oores  of  the  Sfjller  Htrata,  but  in  limctsLouL-s,  strndfituacB,  burd  sbalc;s,  unci 
such  like,  the  results  were  most  satisfaf:ti>ry. 

The  ex|«rience  gained  in  carrying  on  the  cij-tcmtions  led  the  engineers 
iucUargetoobservuthaL  the  larger  the  diameter  of  the  hole  the  more  certain 
were  the  reaalU.  This,  and  tlie  fact  that  for  very  deep  borings  large  holes 
were  noccestay  to  admit  of  the  application  of  lining  tubes,  gradually  led  to 
an  increase  in  the  diametei",  until  holes  have  been  ]>ntdo>vn  up  to  '2ij  inches, 
yielding  cores  33^  inches  diameter. 

Tn  many  casoB  where  tlm  diameter  of  the  hole  ia  suffieiontly  large,  and 
even  in  comparatively  smaU  Iwles,  abinilutelv  the  whole  depth  bxred  through 
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hos  been  broagbt  to  the  Burfaoe  io  cores,  hovever  soft  the  rock  ma;  have 
been.  Tlie  tbltowitig  are  a  few  examples  of  what  has,  lh»m  time  to  time, 
been  done : — 

l.^At  Cacrphill;,  South  Wales,  in  Ifl74,  a  hole  was  put  down  to  a 
depth  of  I,007|  feet,  from  which  "the  cores  bmuglit  up  showed 
a  complete  eectiun  of  Uie  slnita  [loesed  tliroiiffli,  and  the  samples 
of  coal  weno  satisfactory,  being  snch"  (in  the  opinion  of  the 
gentleman  for  whom  the  hole  was  pnt  down), "  ai  it  would  hara 
been  impoBsible  to  obtain  b;  aiiy  other  means  of  boniiK." 

2.— Id  the  name  year  two  holes  were  made  for  the  Iiondon  and  Soath 
Wales  C«al  Company  at  Hiaca,  in  South  liVales,  from  which 
**  perfect  core«  of  the  strata  were  obtained,  thereby  giving  a  most 
reliable  section  of  the  nature  of  the  grounii  fjoased  through." 

3.— At  Clajitou,  in  187^,  iii  a  boring  through  coal,  the  fi*llowiug 
results  were  obtained  :— 
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"  Besides  the  borings  washed  up,  which  in  themsdvM  gave  as 
good  an  oridcoce  of  the  strata  paseed  through  ss  oould  other- 
wiiB  have  been  obtained." 

In  this  cam  Ibe  total  thieVnexs  of  end  bored  through  was 
9  feet  5  inches,  of  whiuh  7  feet  9  iochet,  ur  82-S  per  cent,  of 
core  was  got  out  of  Ibe  hole. 

4. — In  1876,  the  Vancouver  Coal  Mining  and  Land  Company  had  %i 
Diamond  Borer  in  operation,  and  at  a  dei»th  ofabuut  &00  Mb] 
passed  through  a  seam  of  coal  rt-jxirted  to  Im  9  feet  thidc,  fron  j 
vhicdi  the  "  cool  core  citracted  was  of  fair  qtiality.** 

b, — At  Itbcinffldtn,  in  Switjeriand,  in  boring  throngh  Permian  utrata 
at  a  doptb  of  ffDm  7S8  to  lA'*i  fe«t.  80  per  ocnt.  of  tlie  cona 
wen  obtained  with  a  cruirn  dj  inches  diameter. 
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6. — ^At  AachcTBlebcn,  in  SaxoQ-PmBia.wherc-  several  borings  for  rock 
Bait  have  been  made,  cores  of  potofih  salt  easily  eolubte  were  got 
QUt,  Bamj'lrfl  of  whiuli  wore  aubmilU'd  U»  (lie  meeting. 

One  Imlc  jvas  bored  W2  metrw,  eqnal  to  2,959  feet,  and 
from  this  IdO  iKTCfnt.  ofisjres  wnx'  drawn,  or  which  fiuim-wero 
atilt  curt*  2-2  nw'trcs,  or  over  7  feet  Ifmg  in  one  piece.  This 
bole  wiis  couuneueud  IS  iiiches  diameter  at  top  and  fmiftbed  8 
indiea  at  bottom. 

In  another  b«Io  405  metres,  or  1,329  feet  in  depth,  "  per- 
ftct  cores  were  drawn."  The  diameter  in  this  cose  van  from 
10^  to  3  inches. 

From  a  third  hole  Itfil  metres,  or  1,184  feet  in  depth, 
"  perfect  core*  were  drawn,"  amongst  them  being  someof  potaah 
Ball  3  feet  long  in  one  piece.  The  hole  was  oummvueL-dlQ^  inches 
diamclcr  and  ilniehcd  4  rntihca. 

Considering  that  thcac  holes  were  in  what  is  generally  con- 
sidered R»  Bofl  rocks,  the  rcBiiit*  tniiuot  be  looked  upon  other- 
wise than  with  satisraction,  and  go  to  prove  that  with  even 
niodci-ate-Biitcd  boles  aolid  cotim  are  obtained  hy  the  Diamond 
Borer. 

7. — In  connoctiuii  witli  the  Huh-Wealden  borehole,  near  Hnstings,  the 
RciontiHe  geoli^i^ts  forming  the  sab-(»mmittcc  appointed  to 
report  on  the  results  ohtnined  bj  that  boring,  state  that  the 
determiiiittion  nt  whii-h  Wicy  arrived  with  refercDce  to  the 
position  of  the  strata  was  "due  to  the  manner  in  which  large 
cope«  were  bronghl  to  the  eurfnceby  theDiamuiiJ  Rock  Boring 
machine,  so  that  a  niuubcr  of  fjssiU  were  obtained  entire,  the 
apeoiea  of  which  could  be  aocarateljr  determined.*' 

This  hole  Wfis  pnt  down  1,D0G  feet  throngh  the  Pnrbeck 
Berica,  the  Kimmeridge  clay.  Coralline  oolite,  and  O.^ford  clay, 
and,  hod  fiinda  been  ut  command,  might  have  been  continued 
Co  a  farther  depth.  At  the  couimeneemeut  this  bole  watt 
7  inches  diameter  and  the  core  therefrom  !t^  Inchea. 

8. — In  H  lK)ri[ig  fur  the  New  Kiver  Water  Corajmny,  in  the  nerghbonr- 
hood  of  London,  the  total  depth  reached  was  1,010  feet,  the 
diameter  of  tlie  Ii-jIo  wiia  18  iuebes,  a:id  the  strata  cougiated 
pmitly  of  gault  clay,  very  soil  and  readily  afTucted  by  water,  yet 
every  bit  of  core  was  obtained.  Had  this  hole  been  only  3  or 
4  iiiehes  diameter,  it  is  estimated  that  not  more  than  20  per 
cent,  of  core  conid  have  been  ijot  out. 
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d. — From  ahriiThole  pntdo^tti  at  thfObathnm  Dockyard,  commenced 
23  iachta  diameter  at  top  and  fimBhcd  at  a  depth  of  910  fcot, 
15}  iucbcs  diametui't  all  the  uuit)  wu  obtained,  the  etrnta  in  UiU 
case  being  chalk  nnd  gnult. 

10. — At  Nurtlmiiipton,  from  a  hole  23  inchea  diameter  at  tt.p,  and  153 
incliea  at  n  doptli  of  840  feet,  all  Lbc  core  woi  socarcd, 
althongh  the  lias  r>taja  were  poand  throuf^b. 

11. — The  following  are  examples  of  borinjfB  tbroagh  ooal,  viz.: — 
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Colond  Beumunt,  R.G.,  in  a  oommiiniculioQ  reoeired  a  few  d^i^ 
OQ  this,  remarks : — "  I  ha^v  acvcr  koowa  a  pMTcd  iiwtoiKv  of  a  bnrlng 
tbroDf^h  ooni  being  inacciiratuly  rcu>n)ul.  Indicaiiuns  from  the  wnler 
and  the  action  of  tbc  machine  enable  the  tbieknra  and  {x)«ilioa  of  Uie 
bed  to  bu  identified;  but  in  luony  iDstauces,  veiwcialljr  iriib  smiJl-siMd 
hotts,  oorea  oauoot  be  nbUtincd— the  chamotcr  uf  cual,  csiiuuaU/  in  maj 
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tliiu  ttiiiD8,  is  Inuble,  und  it  waah^  to  pundtM'.  Ujr  tukiiig  prujjer  pse- 
cantionn,  actnal  naniplcs  of  any  Btrato  can  be  ubtaiii«iJ.  and  in  all  cases 
(even  llie  luout.  ilisadvautagwus  to  the  Diauioiid  Drillj  tl'C  aani plea  ore 
more  correct  witii  it  thou  wich  the  pcrcuaaive  sjacem;  Ijecuusc,  while  the 
meanH  of  extracting  a  aample  iu  sott  stratA  is  in  cither  cuo  titc  Bamc,  tliu 
Diamond  Drill  has  the  odvaatage  of  a  LH>]npariti\-e  imuiujiity  IVum  tUi; 
wails  of  the  hole  hcing  Bhokcu  down  diiriit-r  the  buriug." 

The  following  are  taken  as  examples  of  b>uriug  through  soft  strata 
at  varying  dtrpths  iu  dJITtirciit  holes  :^ 
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lo  another  case  of  boi-ing  through  red  shales  ia  Cambcrlaad,  in  200 
fuel  Qcai'ly  all  the  cores  were  obtained,  the  hole  cummeuced  at  9  inches 
anil  WftB  ftftei-wards  reduced  tu  H  inches  diameter. 

I'vjm  the  preeediug  it  appeura  that,  with  the  Diamond  Borer  In  holes 
of  siinicicnt  sise,  the  entire  depth  poefied  through  uan  bo  brought  out  iu 
cores  cvi'n  in  the  softest  strata,  nnd  that  in  Bmal!  holes,  from  80  to  05 
per  cunt,  uf  the  cr>rc  is  obtainnbli^. 

To  thifi,  however,  the  Port  Clurenoe  hole,  referred  to  in  the  diacussion 
which  lAMjk  iilace  oil  the  4th  December  laet,  is  an  excwptit/u,  inasiuuch  as 
it  is  the  larger t-eized  hule  the  writer  has  heard  of,  and  yet  in  the  rock  only 
90  [H:r  (■(•lit.  of  the  core  liiia  l>een  obtained.  It  waa  cuninienced  in  'luly, 
mm,  and  at  :tlRi  lieccuihcr  had  reuehcd  a  depth  of  930  feet,  the  first 
iW  feel  being  in  gravel,  mind,  and  clay,  thL>  remainder  In  the  Xevv  Red 
Sandattuie  formatiuu.  'I'be  hole  ut  the  uimiiieneeiiiLiiL  is  '2&  incliCH,  and 
at  !)3(i  feet  18j[  tucbes  diameter.  It  may  be  that  the  reason  a  tiiualier 
proportion  of  cum  has  bceu  got  out  iliiui  in  UBual  in  large>Bized  hulee  is 
bceause  it  is  uuimpurtuut,  und  the  same  cai'e  luuy  iujt:  have  been 
exercised  in  pre^irvinf;  it. 
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AS  TO  THE  COMPAEATlVt;  COST  BY  THE  ROPK.  RlOtD  ROD.  AXP' 

DIAMOND  ]»IILI.  !>¥.STKiUS. 

So  mad]  depends  on  the  Tariotis  circumstaaoes  enironDdiDg  efu;h 
partifolar  case  tiiat  it  is  difficult  %o  arrive  at  a  ooireot  conclusion  as  to 
wliidi  ia  th«  cheapest,  in!i4inuch  as,  nnt  nn frequently,  time  fomiB  an 
important  element  in  the  calculativn,  and  this  may  be  wiiiivaJent  to 
monej.  In  the  tabular  itatenient  fiirntsticd  by  Mr.  Jefl'ersou,  the 
Diamond  Drill  appears  at  a  considerable  disad^'antAj^-  as  regards  coat;  but 
the  contrary  is  shown  by  tlic  following  quotation,  which  is  extracted 
from  a  tetter  writtea  by  the  maDager  of  the  Vancouver  Company  before 
mentioned.  By  the  "old  system"  of  boring  (which,  however,  is  not 
explainedl  the  Company  pnt  down  a  hole  of  240  feet  at  a  cost  of  JC&tiO, 
whiub  is  etjual  to  £2  Gs.  8d.  por  foot;  n  eecond  one  of  Z&H  feet  cost 
£1,100,  or  X3  Os.  7^.  per  foot;  and  subsequently,  with  the  Diamond 
Drill,  437  feet  were  bored  for  £320,  equal  to  12i.  lO^d.  per  foot,  or  only 
from  about  one-fourth  to  une-fiftb  the  eoet  by  the  old  system.  In  (his  same 
cose  tbe  question  of  epeed  formed  an  imitortant  element,  aa  tbe  firet  hole 
by  the  old  method  occupied  twelve  months,  or  at  the  rate  of  SO  feet  per 
mouth:  the  seouud  one  suTenteen  montba,  or  21  ^'^  feet  per  month, 
whilet  the  4S7  feet  burcd  by  the  Diamond  Drill  was  done  in  three 
monthi,  giving  an  average  epocd  of  165|  feet  each  month,  which  is  about 
eight  times  as  fast  as  tty  the  old  system,  and  that,  too,  in  a  da'pcr  hole. 
It  may  be  that  untoward  clreumstflncca  occurred  in  prosecuting  the  two 
holes  by  the  old  system,  cansing  delay  in  their  cxecntion  and  angmenttng 
the  cost ;  and,  on  the  other  hand,  the  Diamond  Doi«r  may  ha^-e  on  this 
occasion  been  more  than  usually  aucoeBflfnl  both  as  regards  time  and  oost. 

Fuller  di'tails  of  strata  and  other  circnmslances  arc  necessary  to 
enable  a  full  comparisoa  to  be  mode ;  but  the  case  is  brought  fonvard 
to  show  hon  impoefiiblc  it  is  to  arrive  at  a  correct  conclusion  on  the 
merits  of  the  several  methods. 

On  this  Coluuel  Beaumont  says:— "I  should  consider  the  Diamond 
system  wnitld  always  be  clica|)cr  tlian  the  Frce-falling  system  except  in 
ground  where  there  was  a  very  heavy  Diamond  expenditnre,  in  which 
case  it  is  difliciilt  to  form  an  estimate;  but  on  the  average,  taking  the 
actnal  cost  of  boring,  I  fancy  that  more  work  has  been  done,  for  the 
aame  amonnt  of  mon^  spent  by  the  contractors,  by  the  Diamond  than 
by  any  t>thcr  system." 

The  fn-st  hole  at  MIddlcsbruugh,  bored  by  Matlwr  &  Phitt's  system, 
was  1,SOO  feet  deep,  it  oocnpicd  a  long  time,  and  cost  about  £10,000, 
oqoal  tv  £9  Cs.  Sd.  i^er  foot.     If  tliis  had  been  done  by  tlie  litannAd 
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BofOTf  it  n-ould  prohahlv  have  been  Qiushed  within  twelve  moatlis  and 
at  one-third  tlic  coat. 

U  cannot.  h<»wc-ver,  iw  duiiblvii  thai,  omonget  other  advantage:*,  the 
DiAmond  "Drill  Rjstoni  ia  saperior — 

Firstly — In  the  rate  at  which  borinR*  can  be  accomplished ;  and, 
8coondl>- — In  inure  furrectly  ehuwiiij;  the  exact  diaractor  of  the 

strata  bomd  throngh. 
No  oiHniou  can  be  taii'Iy  formed  m  yet  as  to  the  depth  which  can  be 
reached  hj  the  difTorctit  flyHtcciLR.  h  h  true  that  at  prcM;nt  the  deepest 
known  hole  has  been  bored  by  rij,'id  rods,  viz.,  that  at  Sperenberg,  in 
Brandeubarg,  which  rt-imhed  a  depth  of  4,170  feet,  and  occupied  nearly 
4|  years  in  sinking.  On  the  other  hand,  the  Ikihmische  Brod  hole,  pat 
down  by  the  Diamond  Drill,  reached  3,207  feet,  and  waa  then  stopped 
becstue  thu  object  in  rieui-  had  been  attained.  It  is  also  true  that  this 
hole  waa  little  more  than  half  the  depth  of  that  at  Spcrenberg-,  but  it  took 
only  1^  years  in  its  accomplishment,  which  is  abont  ono-fourth  tlie  time 
taken  up  by  Llie  Sperenberg  hole.  More  recently,  by  the  same  system, 
a  depth  of  1.207J^  incU'ea.  or  nearly  4,000  feet,  bna  been  attained  by  a 
boring  for  salt  near  Liibtlieen,  in  Meckleubnr}^,  and  this  was  done  in 
less  than  six  mouths,  which  can  only  be  looked  upon  as  a  marvellous 
meoesB  in  deep  boring.  From  this  hole  100  per  cent,  of  cores  waa  ob- 
tained.  one  piece  of  salt  rock  being  over  20  feet  long. 

It  has  been  alleged  that,  in  cajie  uf  the  breakage  of  the  tubes  or  rods 
used  in  wurking  the  Diamond  Drill,  there  are  dillicultiea  in  recovering 
them  which  often  prore  fatal  to  the  fhrthcr  prosecution  of  the  hole. 
This,  so  far  as  the  writer  has  been  able  tu  ascertain,  ia  not  correct,  for 
as  a  rnle,  in  eastia  of  breakii^'u,  the  I'oda,  or  the  crown  ilwlf,  can  be  Hsbed 
up  without  much  difficulty,  and  in  practice,  there  are  extremely  lew  break- 
ages of  this  character  which  cannot  be  remedied. 

On  this  Colonel  Deaumont  remarks  : — *'  There  are  many  inetanees  of 
the  breakage  of  the  roils,  hut  at  this  moment  I  cannrjE  charge  my 
memory  with  more  than  one  case  in  which  the  hole  had  to  be  abandoned. 
The  mere  breakage  uf  the  mdH  can  be  got  over  with  proper  recovering 
tackle  BO  simply  tliitt  it  is  nut  eunsidered  a  serinnB  matter;  and  In  this 
iuatanoe  the  hole  could  have  been  continued  hnd  the  boring  not  been 
abandoned  owing  to  the  colliery  being  stopped." 

A  remarkable  case  Is  on  record  in  the  Transactions  of  t!tc  South 
Wales  Institute  of  Engincei-s,  where  a  borehole  at  the  brewery  of  Messni. 
Menx  &  Co.,  in  Tottenham  Court  Koad,  London,  had  been  pat  down 
from  the  bottom  of  a  well  265  feet  from  the  aurfaoe,  by  the  boring 


appliances  of  McsBrs.  Mathvr  &  Piatt  lo  a  further  doptli  of  about  435 
ft«t.  Thia  hule  \ra8  13  inclioa  diameter,  and  for  Uil  feet  vroa  Kunk 
Tertically,  Ijiit  the  remainiTig  284  feet  was  much  oiit  of  tnith — 1>., 
arooted — 6rsi  going  inoro  th&n  its  own  width  to  ono  lide,  and  then 
bftt'k  to  the  oppodit^  side  of  the  vertionl  line  to  cveu  a  gtcnlcr  distance. 
Al  this  depth  the  boring  head  of  tbo  machine,  weighing'  10  c<ivt«.,  In.- 
coming  iletiichvd,  had  to  bo  left  in  the  bole,  and  the  boring  ahan- 
doned.  At  a  later  period  the  bole  was  mtule  vortical  (Vom  the  bottom 
of  the  well  by  the  Diamond  Borer,  and  atntiuacd  to  a  depth  of  879  feet, 
making  tlic  Lotui  fhtiu  tlic  Mirfaoo  1,144  feet.  Of  tliis  679  feci,  607  feet 
vere  IS  inchei  diameter,  and  the  remainder  0^  inchcH,  the  lost  70  feet 
or  thereebouta  in  p&lsccaoic  rocks,  the  stratn  above  being  in  the  chalk 
and  green  aond  formatious.  In  putting  down  borcliolce  through  eund  or 
aofl  stratii.  lining  tabes  are  ncceflRarjr,  but  in  such  a  caae  as  that  described 
it  would  be  itnpoMiblc  to  insert  Uning  tubes. 

In  simpticitj  aud  fowoew  of  parts  in  the  hule  itsuif  the  Free-falling 
HppnmtiiK  CHtinot  eompore  with  the  Diamond  Drill,  in  which  there  are 
alifiolnu-ly  no  parts  that  can  become  detached  except  it  be  the  diamonds, 
and  in  such  cases,  otherwise  than  by  increasing  the  cost  of  the  boring  br 
the  hxv  thereof,  the  operation  is  not  affected.  On  the  other  hand,  looking 
at  the  drawings  acorjmpnnj-ing  Mr.  Millers  paper  (Plate  XLVI.,  Vol 
XXIX.).  it  appears  there  arv  many  ptirts  of  the  apparatus  near  the  bot- 
tom of  the  hole  wliiuh  may  easily  l)cci>uie  di^ranged  and  intcrfon;  acrioorij 
with  the  effbctivcnesa  of  the  borer  aud  the  rapidity  with  which  the  hole 
QUI  be  pel  down. 

One  of  the  merits  claimed  for  Mr.  Jcffcreon's  npparatue  is  tiie  paaiB|; 
of  the  current  of  water  down  the  outside  and  np  the  inside  of  the  hollow 
rods.  This  in  practice  is,  as  a  rule,  disAdrantageoas,  inasmuch  as  (he  wator 
nul  unfKtiueutly  gets  away  in  fisrtures  in  the  rouk.  and  thus  the  pmanre 
ia  not  umintalned,  and  it  has  been  found  that  solid  cores  of  rock  cannot  by 
Uiis  means  be  brought  np  inside  tbe  rods  simply  by  the  action  of  the  water. 

Culond  Beaumont  on  tiiis  remarks: — "  It  is  quite  impoe^blo  to  get 
solid  cures  up  the  inside  of  ihe  rods.  The  XvtA  pattern  of  rod  is  one  which 
is  flush  inside,  nccc^tating  joints  in  the  hollow  part  which  would  prevent 
cores  rising.  Assuming  there  be  no  difHciUty  from  lliii  canae,  in  inj 
c^nion  ibe  syabem  proposed  is  altogether  DadMBjbeQaaac  in  many  inataaoea 
hydraulic  preasore  could  not  be  put  oa  owing  to  the  wnttr  finding  its  waj 
into  the  strata  tluY»ngb  cracks.  I  think  then  cannot  be  a  doubt  of  tbe 
very  great  importance  of  having  nothing  complicated  at  the  bottom  of  the 
hole.    Irrcspcvtivo  of  tlic  non-ltability  of  the  ninmond  Drill  !<■  get  out  of 
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order,  it  lia*  the  unoniioim  advantage  of  l>cin^.  comparatively  Fpeaking, 
readitj  witlMlrawii  in  thi!  nvent  i>(  the  j^miiiu!  dming  in  over  the  tool, 
which  with  a  Free-falling  flpjmmlns  nonld  prohabljr  be  thccaitac  of  aorioiu 
difficidty.  Another  advantage  of  the  Diamond  Drill  is.  that  nich  proi)cr 
care  the  hole  cnn  liardly  get  otii  nC  tnith,  wh^rvaa  with  the  Free-tailing 
rope  system  tlicre  are  in8lADcca  of  holoii  inclining  tut  far  (torn  tho  per- 
pondicolar  as  to  atop  tlie  boring.  I  rcmGinlxfr  one  cone,  Ijearing  out  this 
remark,  of  a  deep  boring  in  the  Barrow  distriet." 

At  the  rligcnssiou  rcrerreil  Ui,  Mr.  Jt-nVirsmi  etat«;d  that  the  Dintnnnd 
Drill  failed  to  hc>re  orircs  oC  coal ;  in  answer  to  this  tho  writer  haa  made 
ioquirios  of  eDginevrB  who  have  had  great  experience  with  this  borer  and 
b  BKored  that  tliia  ni>»!rtiiin  in  not  Ixirne  ont  k^y  faut.  Figun'S  have 
olreAdy  been  given  shonlDg  that  nolid  cores  of  coal  hure  l>e«n  got  uul, 
aod  allhongh  it  is  dlRiciilt  to  ohtaiu  such  ourea,  they  being  for  tho  most 
part  in  posBCBsion  of  tlie- parties  for  whom  the  wfirk  was  tindt-rtaken, 
the  writicr  haa  wicoeeded  in  nhtaining  the  loan  of  two,  which  are 
sdhmiitcd  for  the  inspection  of  the  members.  A  |iart  of  one  of  these 
it  will  be  obwrrcd  is  very  friable  ;  it  is  &om  South  Wales,  and  was 
brought  from  a  depth  of  about  SCO  yards  from  the  sorfnoo  by  a  borehole 
S  inobea  diameter. 

For  most  of  the  figures  and  circumetunocs  broii^^lit  boforo  the  mem- 
bers the  WTJtflf  is  indebted  to  hia  fricntK  Colonel  Bcanmont,  Il.K.,  one 
of  the  original  patentees  of  the  application  of  the  diamond  for  rock  boring 
purposes  in  this  country,  and  U>  whom  tt«  subsequent  introduction  and 
much  of  ita  &uccea»  is  due :  to  Mr.  John  Vivian,  who  has  been  connected 
with  the  sTRtom  frnm  its  first  commencement;  t<t  IJcrr  Rt^hmidtmann.  who 
Bucceasfnily  applied  it  on  ihe  Continent  in  putting  down  several  deep  boles; 
and  to  Mr.  J.  K.  Oulland,  whose  coniioction  with  the  system  haa  extended 
OTcr  BCTeral  years. 


Mr.  .1.  B.  Snii'sos  said,  he  would  like  to  ask  whether  the  Company 
bad  fver  put  a  ]iit  down  n>:av  the  place  where  they  had  made  a  boring, 
and  whether  tlic  thickness  of  the  eeamii  Imd  turned  out  the  snmc  as  shown 
by  tlie  btiring  ?  AUhongh  no  doabt  the  Diamond  lEock  Boring  apparatus 
was  very  good  for  going  through  hard  rock,  yet,  so  fur  as  liis  eiperienoe 
went,  he  did  not  think  it  was  adapted  fur  ascertaining  the  exact  thickness 
of  coal  leams.  eepecislly  if  the  coal  was  tender.     At  the  present  time  a 
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three-feet  seam  vas  worth  workinf;,  but  if  the  ImHtii*  apparatus  only 
brought  up  70  per  cent,  of  this  it  might  prevent  the  proprietor  from 
sinking  to  vliat  might  ntivertheli>ss  be  a  prutital.>k>  ecam. 

The  CuAitiMA.N*  said,  he  jras  not  in  a  podtion  to  ansver  the  (juesttoDt 
bat  porfaape  Mr.  Vivian  or  Mr.  Wild  would  he  able  to  do  so.  AVhcn  he 
Bfiobe  uf  70  [ler  cent,  it  was  of  solid  txnii  bi-ought  out;  in  wldition  to 
that  there  ttu  the  disintegrated  coal  obtiiitied  witii  the  water,  and  the  two 
together  would  pretty  clearly  denote  the  thicknew  of  the  Kam  paaed 
through.  Ue  vfoiild  nut  say  thai  miatukes  had  not  arisen  in  this  matter, 
but  the  syBtein  uJuptcd  by  the  Diamond  Drill  was  ipiite  etjiiul  to  any  other 
for  ascertaining  the  thickneBs  of  the  kpuiuh,  for  as  norm  as  it  touched  coal 
it  gave  indicationij  of  thf  fact  not  to  he  mistaken  by  an  os|«erifnced  borer. 

Mr,  SiurflON — Is  it  poeaible  to  detcot  bnndH  ati  inch  thick  in  the 
■eanu  paMcd  through  when  the  cool  ia  tender? 

The  CttArRMAS — Yea,  if  a  solid  core  is  brought  oat.  bat  not  other- 
viac;  and  it  will  Ik-  seen  by  s{H*dniens  un  the  table  that  solid  cores  can  be 
obtained  from  very  friahlij  ixial. 

Mr.  A.  It.  STEAVB.viWN  thought  they  most  admit  that  if  the  Diamond 
Borer  did  not  give  tlte  entire  thickness  of  the  scam,  »t  all  events  it  gate  a 
ojoser  appn^xituatioQ  to  it  than  any  other  system.  He  liad  been  present 
when  coal  had  btt-n  bnrod  thniugh  by  other  systems  and  not  a  nnglcoanoe 
of  lirbris  obtained,  in  coses  where  both  gas  and  water  were  preoeiil.  The 
Diamond  Borer,  on  the  contrary,  would  paaa  down  and  show  the  thickneas 
of  auy  fault,  and  any  inferiority  in  tlie  scams  would  be  shown  in  a  distinct 
mannw.  The  comparative  facility  vitli  which  the  Diamond  Borer  wont 
through  hard  rock  was  also  a  great  advantage,  Tor  somi^  holrs  pat  down  in 
the  neighbourhood  of  the  ri%-er  Browney  were  abandoned  on  reaching  a 
bed  of  basaltic  rock  at  about  70  fathoms,  whoreaa  if  the  Diamond  Borer 
had  been  used  the  holes  might  have  been  carried  through  the  basalt  with- 
out dilHcnlty. 

Mr.  T.  W.  Bbn'sox  said,  bis  father  bad  a  borehole  pat  down  by  the 
Diamond  Rock  Boring  Comfiony  in  the  beginning  of  lf)75  to  prove  tJw 
mountain  limestone  coni,  near  Ooiuitley,  about  three  milca  vest  of  Ucxham, 
in  a  plantation  on  the  north  side  of  the  main  turnpike.  This  bole  waa 
put  down  to  a  depth  of  about  SOO  feel,  and  abanduucd  in  oonsequeoce  of 
getting  into  broken  strata.  The  dt-pth  of  the  second  hole  waa  abcmt  767 
feet ;  it  waa  annk  further  np  the  buru  on  the  south  side  of  the  road,  aboot 
lOO  yards  away  from  tlic  first  bole,  and  (\>al  waa  passed  al  7C0  feet  and 
recorded  as  follows : — 
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The  cores  Tariod  tVuin  t^^-o  to  four  indies  diameter  ;  bat  tb«  coal  that 
wu  got  out  was  all  ia  dust  and  small  pieces,  ao  piece  being  mnch  larger 
than  a  marble.  The  diumcter  of  core  in  passing  tliruugfa  the  coal  was 
two  inchcB.  The  rc«uU  not  Ijeinj^  sfitiefacton'  a  pit  was  not  put  down, 
bat  lh«  rucxird  [iruved  thtit  a  band  of  cl>h1  an  Jiiuh  in  thickn<?es  could 
be  detected.  So  far  iis  he  coukl  recollect,  ihn  cost  of  Lhe  two  holes  va& 
about  £1,860,  or  about  JEI  18».  per  foot  The  nature  of  the  cc-al  was 
•oft  and  friable,  and  scai'cel;  likely  to  ^ive  a  f^wd  core  in  so  small  a  hole, 
but  since  the  earl;  part  of  1875.  when  these  boles  were  pnldovm,  he 
nuderetochd  that  the  eizg  of  the  holes  hnd  been  cuusidcrnbly  increased. 

Mr.  J.  I).  KsxDAix  eaid,  It  niiRht  be  interesting  to  know  what  had 
[mm  done  with  regard  to  the  tfvo  BTBtcni&  of  boring  an  ubc  iu  Cumberland 
— the  Dinniond  Rock  boring  system  and  the  rigid  rod  pefcnesive  mtem. 
He  found  that  for  holes  of  tiOO  feet  in  depth  the  Diamond  boring  BjBtcm 
cost  228.  per  Tout,  whieli  wiut  7t>  per  cent,  dearer  than  the  other  Hyatt-m  ; 
for  a  hole  700  feet  deep,  the  Diamond  syatcm  cost  24b.  per  foot,  which 
was  68  per  cent,  in  excess;  for  800  feet  and  over,  the  cost  of  the  Diamond 
ejfstem  was  2&8.  per  foot,  and  excfeded  the  other  by  50  per  cent.  But  it 
must  be  borne  iu  mind  that  the  Diamond  Boring  Company  gave  a 
guarantee  that  the  hoIcR  they  put  down  should  gi>  to  the  depth  that  wat; 
requireO,  or  forfeit  their  claim  for  payment.  In  counuetiou  with  the 
other  system,  they  freriueiitly  found  that  after  the  hole  had  gone  a 
certain  distance,  and  was  not  paying  the  contractor,  he  threw  it  np, 
because  tlicre  was  no  guaiautee  given  whatever  iis  to  how  far  he  would 
go,  and  this  was  an  important  consideration.  In  the  matter  of  B|HH*d, 
the  Diamond  machine  could  bore  more  than  twice  as  fast  as  the  other 
machine,  besides  obtaiuiiig  infinitely  better  samples. 

Mr.  YivuN  said,  he  hod  been  cunnectcd  with  the  Diamond  boring 
flxira  its  commencement,  having  worked  out  the  patents  of  Colonel 
Beaumont,  and  broujrht  the  8yete]n  up  to  its  pi-eseut  position,  in  company 
with  otiiers.    Wheti  they  linil  started,  it  was  in  a  small  way,  as  was  the  cose 


104 


DiEvntgstdv 


DIAHOKD  ROnt  BOKrKrt. 


witb  most  iDvcntorsi  for  they  oommcnced  with  a  hole  one  inch  aud  a  halfia 
dinmeter  on  the  side  ofaWelsh  moiiritnin.  In  nboiit  adozon  hoiire  lbi>y  got 
lome  rods  screwed  together,  and  in  the  next  thirty  hours  thcj  went  down 
aboat  200  feet,  and  tuld  nil  cnj^inwr  who  was  conducting  some  taanclIiDg 
operations,  the  nature  of  tlic  strata  ho  wonid  have  to  travcree.  They 
canio  next  (o  the  CIcTcIand  district,  and  piit  down  a  hole,  Ixit  nnfortttnntcly 
they  started  with  one  that  was  too  cniall.  and  met  with  difficalties. 
They  thou  mode  up  their  mintls  Cn  tia^'e  ]ar;;<;r  holes  and  telcocnpe  them. 
and  pnt.  in  tubes  to  keep  back  the  fkbris.  The  object  in  twrin^  for  oogI 
WM,  of  course,  to  get  the  very  best  sampk'  they  cuuld,  and  Vtx\t  up  the 
reputation  of  the  Company.  He  was  ul'mid  some  gentlemen  here  con> 
demned  the  system,  because  they  did  not  quite  undcretand  it.  A  pit  waa 
sunk  near  Mauchenter,  uudot'  the  direction  of  Mesera.  liigsou.  Mining  Gugi* 
Decrs,  some  720  yonb,  on  the  asKumption  that  coal  was  there;  and  when  this 
depth  was  renehod  and  nu  doal  was  found  the  partners  were  disappointed, 
and  determined  to  have  a  bore  opened  from  the  bottom  of  the  720  yards 
shaft.  The  Diamond  Boring  Company  fixed  their  plaut  at  the  botlom 
of  the  ifaafl,  and  bored  1 ,040  feet  in  four  months,  and  the  aamplcs  brought 
op  were  so  far  satisfactory,  that  they  were  now  pnshin^  on  the  sinking, 
and  had  passed  through  several  seams  of  coai  without  hearing  any  com- 
ptaintA.  The  Company  had  buret!  two  holes  in  Aynthia^  for  Mr.  (JaUomLjr. 
There  wore  acreral  whinntone  dykes  nmning  thpfiuph  the  ooat  there, 
and  in  boring  they  had  frequently  to  pass  through  them.  In  the  ccol- 
mamuBB  they  got  60.  70,  and  as  mnch  as  80  per  cent,  of  core,  eren 
when  the  coal  was  thin  and  friable.  )Ir.  Galloway  was  so  satiaflcd 
with  the  first  sinking  that  h«  employed  them  to  sink  other  boles.  The 
Company  bad  just  finished  a  hole  for  the  Sfaotis'  Company,  at  Uislin, 
near  Edinburgh,  and  from  the  ooal  they  got  60  to  70  per  oent.,  and 
fa  the  soft  abale  and  sand  they  got  60  and  90  pt-r  cent.  core.  Tbej 
now  obtained  oorca  eight,  nine,  and  ten  inches  ouiaidc  diameuT,  aocord- 
ing  to  the  probable  depth  of  the  boring.  lie  always  desired  to  know 
before  starting  what  was  the  depth  required,  and  the  Company  bound  them* 
selves  to  go  down  and  finish  the  bole  to  that  depth.  As  to  Mr.  JcfTa*- 
son's  Free-falling  tool,  fVom  hts  expericms,  and  apart  fVom  any  interest 
he  had  in  boring,  1m>  would  not  like  to  tnut  it  fur  getting  samples;  he 
did  not  beUeve  in  its  retainiuf;  the  small  ctirc.  Th«  aotkm  daioribed 
by  Mr.  Jaflbion  Had  not  been  tried,  and  wait  only  tbeoretloa]  at  pn- 
aentf  but  be  was  sure  that  the  action  of  the  borer  would  dcctroj  (be 
■ectioD  it  happened  to  retain  iu  the  bottom.  They  all  knew  that  any 
machine,  howerer  good,  would  not  do  good  wwk  if  placed  in  the  hands 
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of  QORkilful  workmen,  and  unfortanatclj  in  bnay  time*  the  Diamond 
Borer  liatl  eoiufiinR*  l>een  hmliy  lifted.  Luit  in  ibe  last  ten  years  tlicy 
had  only  lc«t  two  holes.  They  had  on  nn  nver^e  six  bo  eight  machines 
at  work,  and  they  expected  «ach  machine  to  do  Crom  2,000  to  3.000 
feet  yearly.  TIic  quantity  of  work  Uie  Company  got,  too.  vas  a  guarantee 
that  they  did  thuir  work  KLtisfnctorily.  and  also  that  they  did  it  quickly. 
They  did  Dot  look  upon  the  bwakage  of  roils  m  a  scrinuR  matter. 
They  preferred  a  break  to  a  jam,  as  causing  the  least  delay.  Moid, 
of  thi>  jama  in  the  CuuiIhtIhiuI  diKCnc-t  were  cauatnl  by  hi]ii]«  of  liiucstono 
foiling  down  on  the  rod  wiiiUl  rotating  800  or  400  times  in  the  minute; 
aomctimos  a  piece  of  stone  so  falling  would  jam  tlie  rod  and  break  ic,  but 
if  the  jam  was  not  vci-y  eeriuus  they  Bwm  got  the  rods  one  and  continued 
the  boring.  Mr.  Kendall's  experience  of  their  system  biul  6huwii  that  Che 
cost  was  not  very  much  in  exoeiia  of  the  other  system,  bnt  he  (Mr.  Vivian) 
tJioiigbt  that  the  guarantee  given  by  the  Company  was  worth  25  per  cent. 
of  the  CC8&  at  luuet,  and  iHKidt-H  there  vcor  the  extra  Bpt-cd,  and  the  extra 
certainty  of  lampVft,  m  that  they  would  ace  that  with  the  Diamond  Borer 
they  g»t  value  for  their  money. 

The  CitAiRMAN  naked  Mr.  Vivian  if  he  could  answer  Mr.  Simpnon's 

stion  as  to  whether  sections  of  coal  indicated  by  the  borer  have  actuaJly 
been  verified  by  subsetjuctit  sinking  on  the  same  ait6? 

Sir.  Vivus — Yea,  in  several  cosh*.  At  Asliton  Moss  and  other  places, 
sinking  has  confirmed  th-;  indic*tion8  of  the  borer  most  satisruct^rily. 

Mr.  SiursuN  said,  with  respect  to  one  cobc  which  he  had  to 
iovestigate,  the  boriug  was  so  ansatisfactory  that  they  felt  they  could  not 
place  dependence  ni>on  it,  for  they  were  not  sure  whether  the  aamples 
were  right  or  Dot.  la  fuct  no  actual  eamples  came  up,  but  only  water  with 
ooal-dust  iQ  it,  and  iu  consequence  nu  sinking  was  attempted. 

Mr.  CouLsnN  said,  he  nndrrstotid  that  in  snme  cnses  the  only  proof 
there  was  that  tht.*  Diunumd  Borer  was  pasfiiug  coal  was  tin-  colour  of  tho 
water  coming  to  the  surface,  but  sometimes  the  water  escajHjd  t>y  gullets 
existing  between  the  bottom  of  the  hole  and  the  top ;  how  in  that  caw 
could  there  be  ftny  roHahle  means  of  kuowing  if  coal  had  been  passed 
when  neither  cores  or  debm  had  been  obtained? 

The  CnintH.^.v  mul,  that  in  such  cases  there  could  not  be  any  certainty, 
the  same  causes  of  failure  would  t«ll  equally  against  all  gysbcmu.  The 
discDBsiou  of  this  subject  would  1>e  adjourned,  and  the  members  would  be 
glad  if,  at  a  Buhse(}uent  mooting,  they  could  be  favoureil  with  the  liews  of 
Mr.  Conlst-n,  who  was  the  oitiest  and  most  experieuced  borer  in  the  North 
of  England,  and  possibly  in  this  island.  They  would  have  great  pleasure 
in  handing  down  Mr.  Coulson's  views  iu  the  Traiuiactions  of  the  Institute. 
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msoTssioN— Moras  oh  siAuom)  bock  bobjhq. 


Mr.  CouLSOir  prumised  to  read  sumc  noU«  on  tlic  subject. 

Mr.  J.  W.  WiLi>  mentioTied  that,  with  rc^Tird  to  the  hole  pat  down  at 
Port  Clarence,  for  the  first  120  feet  no  core  wm  obtained,  fur  the  eimplc 
reasoD  that  they  were  pasaiug:  tJirougb  da;  and  graTel,  bat  Bubw.'qacntly 
Hxej  got  00  ptT  cent,  of  core  for  the  tntire  d{;pth  of  the  hule.  At  Wol- 
laton,  near  Nottingham,  a  hole  vas  pat  do^'n,  and  tht^j  bored  through 
3  fc«t  6  inches,  3  feet,  !>  feet,  and  G  fttt  seams  of  coal,  and  a  pit  wa«  ttiok 
aft<:rwurds  wtiich  completely  reriQcd  their  indications. 

Mr.  SiMPSos  said,  he  would  Ix-  much  (jbli;,'ed  if  Mr.  Wild  oonld 
■apply  them  at  the  time  of  the  next  diiicussion  with  pRrliciilar*  of  both 
the  boring-  record  and  the  strata  pawed  through  by  the  pit.  ao  that  they 
might  be  compared  together,  for  one  simple  fact  was  worth  a  thousmd 
off-hand  itfttcmenta. 

Ur.  J.  W.  Wild  said  he  would  furnish  to  the  Socretar}'  the  detoila 
required. 

Mr.  Marlgy,  in  reply  to  the  remarltB  made  by  Mr.  Bewick  in  bb 
paper  respecting  the  Middlesbro"  boriiijjs,  was  glad  to  find  they  were  m* 
founded  on  the  paper  which  he  bod  writt-en  on  the  Hubject>  and  remarked 
that  be  llionght  it  was  true  that  the  Mldilleflbro'  well  ainking  for  vcaler 
might  hare  coat  Bolckow  and  Vaughim  tlic  hirge  sum  staled,  although  the 
boring  il«elf  did  not  cost  anything  Uko  somntb.  They  bored  many  hnudred 
feet,  18  inthcfl  diameter,  at  not  n  greater  cost  than  £\  ikt  foot,  inst«od  of 
£8  per  foot  as  ({uoted.  lie  was  glad  that  Mr.  Cuulseu  bad  boon  indooed 
to  promise  (o  proride  some  Btatitstica  and  infonnation  on  the  subject  of 
boring :  and  he  thought  Itlr.  Simpeon  shoDld  also  produce  some  stAiifitica 
as  (o  the  occuniey  or  iuaccnruTy  of  the  «)3d-fa>iliiuned  boriug.  He  knew 
from  cxpcriencx!  that  borings  hod  been  put  down,  and  hod  indicoied  scams 
which,  on  sinking,  had  either  not  been  fonnd  to  exist,  or  if  found,  were  of 
TCiy  ditfercut  thickness  to  what  was  indicated.  Mr.  Coulsou's  father,  Ibe 
late  Mr.  John  Arch.  Fonter,  and  himself  had,  about  forty-one  years  ago, 
tried  two  or  thr«e  diflei-ent  kimls  of  boring  instruments,  with  a  view  to 
bringing  core  of  coal  up,  which  were  partially,  but  not  wholly,  stiecesafUL 

The  discussion  was  adjounieiJ,  and  Mr.  J.  D.  Kbxdall  read  tho 
following  paper  on  "The  Iron  Orts  of  Antrim:" — 
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THE   IRON   ORES  OF  AMKIM. 


Bv  J.  It.  KK.NDAl.L.  C.B.,  P.O.S. 


TiiK  iiortli-rtisL  comer  of  Irulaiicl — Unit  oociijiied  by  ihe  coiiTity  of  An  t.rim — 
is  almost  entirely  covered  hy  a  sheet  of  basalt,  n-hich  rar'ica  in  thirlcneM 
from  a  fi'W  feet  to  sovtinil  hiimlred  feet.  Thia  basalt  rests  npon  chalk, 
aiul  U  Kuppofied,  tmm  tin,'  iiatiin:  ul"  I  hu  pliuits  yieldi.Hl  by  sumc  inter- bedded 
layera  of  Lignite,  to  be  of  Mio<xue  a^e.  A  gcaei-alised  acction  of  the  rocla 
iu  tliie  jiart  of  Ireland  is  giveti  in  Fig.  1,  Plutu  J^AIII. 

Generally,  the  basalt  may  be  divided  into  two  claascB,  amorphfins  and 
CoUitanar,  the  latter  of  which  must  be  well-know-n  to  all  who  have  vinitcd 
(he  famous  Qiaut's  Caueenay,  ou  tlie  north  coast ;  tuid  the  former  may 
dIbo  there  be  seen  tjetween  and  Ix'luw  the  two  tiers  of  ooIumuB  which  form 
such  a  coiiapicuous  feature  nf  tho  rlifls. 

Althon^h  rhit  bandt  is  not  a  seiiimcntary  rock,  but  volcanic,  yet,  a»  i» 
ofleu  the  cju*e  willi  rocks  of  the  hitter  cfast,  it  shows  distinct  traces  of 
bedding,  i»  may  be  «(?cii  in  the  clifls  nt  TMeaskin,  near  the  Ginnt's  CaiiBC- 
way,  a  sketch  of  wliieh  ia  given  iu  Fig.  2. 

MODK  IN   WHICH  THB  OKES  OCCIIR  AND  THEIR  XATURR. 

Farallvl  to  the  Iwd-vlaries  of  the  basalt  and  inter-strati  Rod  with,  that 
rock  are  a  numlx-r  of  ferruginouH  bimds,  which,  of  late  years,  have  attracted 
considtrable  attention.  The  |>reci!ie  nunil*r  of  these  liuids  is  not  known, 
but  they  occur  one  above  another  like  senms  of  c»ial,  as  shown  in  Fig.  1, 
Plate  XSIV.,  which  is  a  section  of  the  cliffB  near  Downhill. 

In  the  aboi-e  aket-ch  only  two  Heains  arc  slKiwn ;  iu  either  places, 
however,  there  are  more.  Usnally  they  eounist  of  a  fcrmginous  clay  called 
bole,  with  an  underlying  layer  of  Uthomargc;  but  one  scam,  the  most 
important  of  all,  anri  [i«tIi!j]ib  the  only  seiiin  that  has  yet  Iwen  worked  to 
a  commercial  8ui:ccs3,  consists  of  three  beds.  The  position  of  this  seam, 
as  seeu  at  Portmoon,  is  immediately  under  the  lower  tier  of  basaltic 
columns.  It  appears  to  be  the  highest  of  the  Beries  of  ferruginous  bands, 
at  least  the  writer  is  not  awai-e  that  any  liave  Iiemi  Ibniid  alwive  it.  The 
nam  which  nceurs  in  a  similar  position,  that  is.,  below  the  lower  tier  of 
boaultic  >eoliim[iH  in  the  clill's  near  the  Giant's  ('unscuuy,  is  the  same,  and 
it  may  be  found  in  many  other  ]iwt«  of  the  county.  A  general  section  of 
the  seam  is  given  in  Fig  2.  and  described  below. 


THB  tHOtt  0R88  Of  ANTBm. 


a. — ('oLiTMNAR  Basjit.t. — I^owcT  tier. 

h. — Oi,AY. — Slalx'-rcloumU  pawing  gradnallT  into  the  0Ter1yii^[baaAlt. 
The  iLickiK-M  of  t)i«  cUy  is  verjr  irregular,  and  it  peels  off  the 
ovci'Ijing  basalt  in  laniiDEC,  psrallcl  to  the  unnositioi  of  the 
under  surl'ace  thpreof. 
c. — PisoLiTic  Ohb. — This  bed  conaiste  of  n  soft  brown  or  reddish 
oc'hre,  in  which  are  thii-kly  cmlH'dilni  Biiiftll  in-cpilar  pU*ft«  of 
harder  ore  about  the  sixc  of  peas,  which  are  Btron;r1y  ottriieied 
br  the  niagnct,  beins  parti}!  liomatitc  and  partly  ma^etite. 
Somotimce  this  bed  has  an  aoioqthous  cbavactcr  and  np|>enri  as 
liiuuQiic  when  it  is  nut  magnetic.  The  junction  between  it 
and  the  overlyinp;  clay  is  %Try  diBtinrt,  and  they  Be|var)itc  qnitc 
easily.  A  qnantiLy  of  foBxil  wuod  has  bt.>L>n  found  in  the  bed, 
the  vegetable  tiiwie  of  which  was  replaced  liy  limonfte.  'I'he 
pieces  which  hare  been  seen  by  the  writer  belong  to  a  coniferous 
apeciea  allied  to  the  yew.  Arerof^  thickncffi  of  bed  about 
two  feet. 

rf. — Bole. — A  yellowish-red  ochre,  conlainhif;  numeroue  concretionary 
nodalea  of  basalt.  H  is  moderately  bard,  and  breaks  int« 
irrej^alar  cnboidal  pieces.  The  junction  between  this  and  the 
overlying  pisolttic  ore  is  not  very  dulioct.  Average  thickneis 
about  BIX  feet. 
«. — 'LmrouAmtR. — A  variegatol  soil  rix-k  of  a  prevailing  bloc  slatd 
colour  and  greasy  feel.  Like  the  bole,  it  contains  ooocre* 
tionary  nodules  of  basalt,  but  ihey  arc  more  numerous  in  Uiis 
bed  than  in  the  bole.  The  line  separuting  it  iVom  the  bole 
is  Kimcirhnt  indistinct.  Average  thickm-ss  abont  2i  feet. 
/,— CoHCRimoNJUT  Basalt.— -Faascs  gradually  into  tbo  overlying 

lithomarge. 
The  nodules  of  bauilt  included  in  the  bole  and  lithomarge  are  very 
curious.     Fig.  I,  Plate  XXV..  ia  u  sketch  of  three  of  these  noduln 
occurring  in  Iho  bole  at  Bollylagan. 

Fig.  2  shows  two  similar  nodules  cndoied  m  the  lithomarge,  at 
Pleaskin.  The  centres  *>{  the  nt>dulee  consist  of  compact  basalt,  which 
gradually  and  by  concretiouary  layers  jiusees  into  either  bule  or  hthomarg*. 
The  extent  of  the  ferruginous  bed  ooDtaintog  pisolitio  ore  is  not 
known ;  but  it  must  corer  many  thoosaDda  of  acni.  although  it  docs 
not  occur  everywhere  within  the  basaltic  area.  In  many  placva  it  haa 
lieen  removed  by  denndatimi,  being  found  in  the  hills  bnt  absent  in  the 
intcn'eunig  valleys.  The  breach  of  coDtinaitT  thus  brought  aboat  ia 
fhrthcr  inureased  by  tlie  numerous  faults  that  irareraa  the  ooanty. 
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It  is  poMible  that  there  may  lie  moro  than  one  bond  containing 
|H8fiIi[ic  ore,  and  that  Hie  aciiins  which  huvc  been  worked  by  the  different 
Sfining  Companies  oprraiinfi  in  the  countr  may  not  \*c  portions  uf  oao 
ori|;inBl  scam  im  is  geuenilly  sqijused,  but  so  fur  10  is  at  pn-<stnt  known, 
thoj  appear  Ui  lie. 

The  quality  uf  the  ptsoHtic  ore  is  good,  as  sliomi  by  the  following 
analyses: — 


OanrtOaanla. 

RalBay. 

B«dB^. 

RHfBB. 

KsDcktar. 

Stienn- 

MM*. 

se-40 

n-ii 

60-66 

66^12 

fi3-70 

7100 

Pmloadde  of  iron ... 

... 

... 

... 

18-00 

(hide  of  mau^Kueae 

■•• 

... 

■11 

tnie« 

... 

tneo 

TitAntr  M'id  .  .      t 
Vaiuultc  ^d          ' 

tnet 

8'(» 

G-28 

400 

... 

Alumina        

^BO 

7»2 

12-&I 

12^fi 

--1 

Sili(«      

UMH 

£»ti6 

s-i; 

7-08 

6-ao 

SDD 

Siil|i)iur 



... 

oa 

tnuNt 

-02 

■  ■■ 

Phospbonu 

... 

... 

tnwii 

-W 

•UC 

,., 

Miign«««      

... 

... 

•16 

•iw 

■06 

'" 

Lima     

... 

... 

'68 

-SO 

■10 

Water  of  conbiutii. 
Hetallic  imii 

8-40 

3-13 

ll-3i 

8-S3 

12-70 

... 

11-68 

64-05 

46  61 

«-99 

44-00 

C370 

AniUjrt      

A|iji>lui. 

Cameron. 

To«h. 

TmIi. 

To«li. 

Ctt[n«roii. 

The  bole  yields  only  about  half  as  muuh  ii\)n  an  the  pjsolttic  ore,  and 
contains  a  mnch  larger  qnnntity  (if  alumina.  TIio  fallowing  nro  analyses 
of  samples  taken  chiefly  from  tbc  bole,  but  having  a  slight  tidmixtnro  of 
the  piBoUtic  ore  :  — 


OcMUtMnlB. 

BJIwajl^itat. 

XilwaaAM. 

UkMVBi. 

lUir. 

Fero.  oliran 

41'00 

46HM 

33*84 

46-&0 

Oxidi]  nf  maixnuoM   . . . 

ttaoe 

... 

traoG 

Tilaiiic  nL-id         . 

■SO 

fi-81 

2-C« 

AlaminA 

61-00 

3C-44 

'  *II3 

S5-60 

Silio 

100 

.-. 

378 

4-00 

UagHtHLA 

tnM;» 

2'U 

■97 

•  ■' 

Lime     

-aO 

0-&B 

-21 

■35 

Bnlphor          

... 

tnuw 

l*Tin«[ihonM      

-u» 

... 

Water  of  cnmlrinktion 
1  UHalltc  (mn 

600 

18-00 

lfi-&6 

I2-R6 

28-70 

ai-M 

23-31 

81 -.SB 

Aiutlfri 

Ctuasmn, 

Cxmenm. 

Ttxh. 

CainoriJH. 

YOU  XXI.-IW1. 
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The  yield  of  iron  by  the  lithomargc  ia  too  arndl  to  render  it  of  any 
Talue  fur  inju-iiuiking,  as  is  sLoirD  by  the  foUowiDg  auah'UJ!. — 


!Vro,  ftf  iron 

Pat&»h  ... 
Silicii  .,, 
Alumln*  ... 
WmUr       ... 


Hctallic  iron 


atitj 


MS 


OltlOIN    OF  THE    DEPOSITS.  ^ 

LrmoyAnoR  and  Bole. — The  miinner  in  which  ihciic  bcda  hate  been 
prodaccd  seems  lu  tht:  writer  ti)  bv  rvudcrud  p(.>rfvvlt}'  dear,  Ity  the  prewnoe 
in  them  of  tho  ooncrctioTiary  andnlcs  already  noticed.  Tlic  gradiiatiun 
ttom  bole  to  basalt  nnd  from  lithotnargc  to  basalt,  as  wen  in  the  nodales 
of  the  respective  be«U,  leaves  no  dr>nt>t  whatever  iu  his  tnind  that  both 
bulc  and  lithomargo  are  the  result  of  inctAinorphic  notion  on  basalt.  Tlie 
appearance  presented  by  these  nodules  cannot  possibly  be  explained  on  any 
other  a£stitii|)tiiin,  but  whether  the  rock  fVom  wtiich  llie  two  beds  trcre 
prodaccd  was  cxacily  alike  iu  chemical  oonstitution,  at  well  m  like  that  of 
the  basult  now  above  and  below  them,  it  is  impossible  at  present  to  My. 
The  probat>Ui(y  is,  in  the  vriter's  opinion,  that  the  beds  of  ruck  fVom  which 
the  bole  and  lithomargo  were  produix-d  difTcied  in  their  chemical  oonsti- 
taeuts.  If  not,  and  it  isftseumed  that  they  were  both  subjected  to  the  ssmo 
metamorphic  action,  then  the  two  beds  of  Uthomorgv  and  bole  miut 
Tepreeent  two  dinerent  stages  of  the  metaiuorpbic  process.  But  if  bole 
wen  metamorphosed  Hthomarge,  that  is,  if  it  had  uudei:gone  a  higher 
degree  of  metamorphism  tliun  lithomorge,  there  would  be  fonnd  in  the 
concretionary  orKlales  of  the  iKtlc,  a  tmtiaitiiin  (Vom  basalt  to  litliomai:gc 
in  the  first  place,  and  then  from  lithomarge  to  bolc;  in  other  words,  between 
tlie  Ivle  and  basalt  forming  the  centre  of  the  nodulep,  there  would  be 
foDud  a  layer  of  lithomargo,  which  is  not  the  case.  Then  again,  if  litbo- 
margo  were  altered  bole,  there  wonid  be  found  in  the  concretions  of  ibe 
litliomarge  bed  a  Uyer  of  bole  immediately  round  the  hasaltio  kennis, 
which  did  not  appcttr.  Then  facta  incline  tho  writer  to  tlie  idea  that  liic 
bole  has  be«n  prudttced  frim  a  bed  of  basalt  chemically  diffvreot  from 
that  which,  by  ollenuion,  has  resulted  in  lithomarge.  Below  are  two 
analyses  of  bos^t  from  Antrim. 
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I. 

IL 

...       27-87 

frDS 

40l> 

4-15 

i&6 

...        99  72 

63-70 

14-32 

iaM 

> 

tr. 

...      I  SM 

..- 

4*30 

Pnosidv  of  Iron 

Hafp^ai*      

Lime 

Silim  

Ahimitui       

Siiliilinret  of  iron    ... 
Soiln 

PotMb  ...  .., 

Witor         


They  Bhow  how  varinble  that  rock  is,  and  that  its  cnrapomtion  di^rs 
quite  as  ranch  in  the  same  locality  as  Hthoinari,'e  does  f^om  bole.  A  fact 
whic^  iDoy  tJirow  aonio  light  oo  thu  mode  of  iiiet-niiunihiBm  may  bo 
observed,  in  connection  with  the  bed  of  day  lying  between  the  piaolitic 
bed  and  (he  ovvrlying  Liasalt.  This  clay,  the  writer  U'litives,  is  alao 
metitmorphofit-d  hofialC,  for  them  i<i  a  iiioflt  gradual  tarainated  passage  JVom 
hard  basalt  to  soft  clay,  as  ahomi  in  Fig.  1,  Plate  XXVI.  Wherever  thia 
clay  bed  crops  out  to  the  day  it  appears  to  thicken,  as  shown  at  a,  Fig.  2, 
which  is  a  fiection  of  the  piaolitic  oro  and  accompanying  bcda,  as  seea  at 
Ballylagan.  This  thickening  of  the  clay-bed  at  the  outcrop  would  tn*m 
to  indicate  that  whatcvw  vmn  the  metaroorphic  a^^tinn  which  produced 
tlie  day,  it  acted  moet  powerfully  near  the  surfact?.  The  metamorphism 
canT]()t,  however,  have  been  recent,  or  the  npper  part  (r)  of  the  bed  A 
might  be  expected  l-o  be  alao  couverted  into  clay.  This  may  have  Iwen 
so  at  one  timo  and  tiava  been  subnequently  removed  by  gUtciul  or  prc-glacial 
denudation. 

Prsoi-mc  Obt:. — This  bed  {uu  been  accounted  for  in  various  ways. 
Some  have  supposed  it  to  be  of  igneous  origin,  others  consider  it  to  be 
metamorphosed  bole,  whilst  not  a  few  ore  of  opinion  that  it  had  nn  aqueous 
origin.  The  fact,  previously  referred  to,  that  fosail  wood  lias  been  found 
in  the  bed.  e>ut;ms  to  rav<;ur  the  last  idea.  It  dearly  preelude^)  the  {xj^ibility 
of  the  lintt  and  si'i»:iiid.  licHidt-^  if  this  ore  is  the  result  of  metiiiuorphio 
action  on  bole,  why  is  the  some  sort  of  pieolitio  ore  not  found  acoom- 
panying  the  other  bule  iKids?  They  were  all  alike,  overlaid  liy  a  lied  of 
basalt,  which,  auci>rdiug  to  tbe  holders  of  this  view,  wau  imitnunental  in 
producing  the  pisolitic  ore. 

The  precise  nirjde  of  deposition  usually  advocated  by  those  who  believe 
in  the  aqueous  origin  of  this  bed,  is  the  eedimcntajy.  But  that  view,  it 
seems  to  the  writer,  is  scarcely  reconcilable  with  the  fiicts.  The  freedom 
of  the  ore  from  Uio  medianical  admixture  of  other  rocks,  alone  sceniG  a 
EufUcicnt  argninciit  against  ji»  deposition  in  tliat  way.  Tlie  moBt  likdy 
mode  of  origin  appcots  to  be  that  of  precipitation  &om  a  chemical  solntion. 
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puuibly  bj  organic  agency,  but  not  neoesBarJly  so.  On  that  sappositios, 
the  nbBcnce  of  foreign  matLer,  snch  an  wouW  almost  affiiircdij  have  been 
prcaent  hnd  the  Ijed  bif-it  of  sedimentary  origin,  offers  no  difficnltv,  whilst 
Iho  oocmrence  of  wood  in  the  ore  ie  bb  easily  explained  by  oeeamiDg  th« 
ore  to  be  a  ficdimeut.  Suppose  the  bed  of  basalt  from  vhich  the  bote  was 
produced  t^  have  been  in  a  comparatively  e-ift  and  decomposed  state  at 
the  time  the  pisolitic  ore  was  deposited,  that  would  also  uiford  a  probable 
explanation  of  the  fact  aln-july  mentioned,  that  tlie  junction  of  the  pistditic 
bed  and  bole  is  snniewhat  indistinct.  Some  of  the  first  precipitated  ore  would 
almont  certainly  find  its  way  into  the  deconipfsed  t^ed  below,  tbe  effect  of 
which  would  tie  to  pro<lncc  tlio  a])|iearauoe  of  a  rc^lar  transition  from 
iron  ore  to  bole.  The  magnetic  tharacter  of  the  ore  is  pnibably  due  to 
the  inflnence  of  the  overlying  basalt  whilst  it  wns  in  the  condition  of 
molten  lava. 

It  may  be  thoofrht  somewhRt  improbable  that  three  beds,  snrh  as  the 
pisolitic  ore,  the  bole,  and  the  liihomarge,  ehoald  be  fonnd  lying  togctbcT 
in  SQcb  intimate  relations  and  yet  two  of  them  to  have  originated  in  one 
way,  and  the  other  in  a  manner  entirely  different.  It  may  be  asked  why, 
if  tbe  pisolitic  ore  wm  predpitotod  from  a  chemical  solntion,  shontd  it  be 
anderlald  by  bole  and  litbomarge  ?  It  might  as  easily  have  been  thrown 
down,  it  may  be  Baid,  on  nnaltered  Irnsalt.  But  it  should  not  be  forgittten 
that  one  of  the  very  conditions  which  is  necessary  to  prodnec  a  chemical 
precipitate,  that  is  the  presence  of  water,  is  also  one  that  is  likely  to  afford 
the  agent  necegenry  U>  effect  the  mclamnrphic  change  which  resulted  in 
the  formatiw)  of  bole  and  lithomarge,  so  that  these  beds  might  have  been 
formed  at  the  same  time  or  nearly  so,  and  yet  in  very  different  ways. 
Besides,  by  adopting  that  view,  the  difficulty  of  explaining  tbe  abeence  of 
pisolitic  ore  fbom  any  of  tbe  nndcHying  bands  yielding  only  bole  and 
lithomarge  m  avoided.  On  the  precipitation  hypothesis  it  need  only  bo 
sDiiponed  liiat  If  tbe  lower  ImxU.  like  the  upfier  one,  were  snlMnerged  in 
water,  iron  waa  present  only  during  the'  dopoitition  of  the  pisolitio  ore 
accompanying  tlio  upper  bed,  or  It  may  l>e  tbat  then  only  were  the 
nocpawry  oigamnu  prcaont  to  effect  tbe  precipitHtioii. 


AOB  OP  TUE  DEPOSITS. 

Being  inter-lxnldi'd  with  nx^ks  of  iiiit>ce»e  age.  it  is  certain  that  tlwaB 
ores  are  not  older  than  middle  Tertiary;  nor  can  the  pisolitic  ore  be  yonnger. 
as  it  must  have  been  formed  contemporaneously  with  tbe  rocks  in  whicb 
it  oociirs.  The  boh*  and  lithomarge  may  be  much  younger  if  tbcy  arc 
metamorphosed  basalt,  bnt  the  evidence  afforded  by  the  lilonded  junction 
of  th«  pisolitic  ore  and  bole  inigge«t«  that  these  two  beds,  at  any  rate. 


A     fofuamar  Tiasa^ 
C .  -/W^'  Ore 


B.   Ot^  -^ 

D.  Jiofr 

E  .  Itft/tomaratt 
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urigiQa(«c]  at  the  same  time.  It  is  ului  pruUililu  that  tbu  Uihoniurge  was 
prodnccd  then  as  well,  bo  that  the  whole  ihrec  beds  may  bo  dat«d  as 
middle  Miucetu!. 


The  Ohaibmas  «»i<3,  that  this  paper  vim  one  of  a  character  wliich 
deserved  tlioirbcflt  conaideration.  The  oomiiiertjial  iuiportanwjof  thcBub- 
ject  THs  evidenced  by  the  fact  tliat  in  ]8(»0  the  produce  from  the  Antrim 
fields  wait  oul}'  SOfiW  tons ;  at  the  end  of  tlie  :i«xt  fire  j^eara  it  bad 
increased  to  nearly  lOO.OOti  tons ;  in  1872  it  was  l:i2,000  tons :  and  Id 
1879  it  was  l.'id.OOO  tuns  of  iron  ore.  As  there  waa  still  some  other 
buainess  to  get  throngh,  he  tfionght  the  discussion  had  better  be  post- 
poned till  the  paper  wus  printed  and  iu  the  bund:!  of  the  mcmbere. 


JSi.  J.  D.  Kendall  8  paper  on  the  "  Hemntile  Deposits  of  West  Cum- 
berland" was  ihen  discnssed. 

Mr.  KE^'DALL  stated  that  In  tlio  disciuuiiun  which  t-(^)ok  plaa-,  in  his 
absence,  on  his  anpplcmentary  paper  on  thia  subject — which  pajjcr  and 
diwiuBion  ore  together  publisbcd  in  Vol.  XX^.,  Part  X.,  of  the  Transac* 
tioDB — a  number  of  observations  were  made  by  Profeesor  Lebour  which 
he  felt  called  upon  to  answer. 

Professor  Leboor  aaserts  that  his  (Mr.  Kendall's)  explanation  of  these 
deposits  is  this— "Thut  a  lifjliitinn  uf  pcrchl'iride  of  iron  coming  into 
contact  cither  with  limiMitonc,  granite,  slate,  or  lava,  itiFttantly  alters  the 
rock  into  a  precipitate  of  red  peroxide  of  iron." 

Nowhere  in  the  paper  was  the  wurd  "instantly"  used  iu  the  above 
lense,  and  only  in  one  place— Vol.  XXVII 1.,  page  148,  line  SO  from 
top^wus  anything  sitid  or  implied  at  all  resembling  the  remarks  of 
Professor  Lebour,  nborc  qnotcd^  for  nowhere  but  in  the  discussion 
which  took  placn  on  his  ttrat  pajicT — which  disciisaiun  ia  publiflhed  in 
Vol.  XXVIII.,  piige  219  of  the  Tninsoct ions— had  he  (Mr.  Kendall)  put 
forward  his  views  as  to  how  the  replacement  took  place  in  the  granite, 
slate,  or  lava.  In  that  diBcnssion,  page  2^2,  he  stated  that  "he  agreed 
with  Kr.  Stcavonson  that  there  is  a  difficulty  in  seeing  how  any 
eolation  of  iron  could  rejilacc  granite  and  slate,  bnt  he  had  before  him 
a  specimen  which  came  from  the  Boot  deposit,  which  he  thought  threw 
Tery  considLTahle  light  nn  h'lw  the  replfi cement  might  have  been  effected. 
A  put  of  this  specimen  waa  limestone]  and  this  limestone  blended  oQ' in 
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one  direction  into  graoito,  and  iu  the  other  iuio  h«matic«.  Now,  if  it  were 
mppoeed  thai  the  hematile  o/ike  veinsin  thf  ffranite and  fhUe  u-ere prertdtd 
hy  Umeaione,  miicli  of  Mr.  Stcavenson's  iliflicultj  wotiM  disappear.  How 
the  ItmcstoDC  got  there  is  another  question  which  he  had  not  attempted 
to  aui!W('-r,  hilt  it  ncemcd  to  him  that  it  m\^\i  have  heen  prodtitcd  in  »>vaa 
ttxch.  manner  ns  the  fallowing.  RnppoKO  the  rocks  to  be  mihrncrged  in  the 
sea,  and  thatheat«d  waters  containing  carbonate  of  soda  were  rieing  from 
below  tlirongh  the  jointe  in  the  rocks;  the  silica  in  the  walls  of  these  joint! 
wnuld  be  slowly  disftf>lve<l.  Small  qnantitJM  of  sea  water  would  also  find 
their  way  into  the  rocks,  and  these  ojuiiug  into  contact  with  the  asncnding 
aDcaliuo  waters,  a  reaction  would  cneuc  between  the  carbonate  of  soda  and 
tlie  lime  Baits  uf  the  sea  water.  The  rcsnlt  would  be  a  precipitate  i.T  car- 
bonate of  lime,  which  wonld  take  the  place  of  the  dissolved  silica.  The 
other  minerals  in  the  rocks  mig^ht  have  been  prenonsly  removed  by  dc- 
oompciiition  thrrjiigh  the  inflncnce  of  hydrochloric  and  carbonic  acids." 

Then,  again,  the  snpplcnicntory  paper  wan  written  for  tJie  TC17  pnrpoao 
of  adducing  facts  in  support  of  this  duuble  replaveuiunt,  that  is,  to  show 
iliat  the  veins  of  hematite  in  the  slato,  granite,  lavas,  and  aslicSr  ii'cre 
originally  veins  of  carbonate  of  lime  and  magnesia  on  which  the  pcrchlorido 
of  iron  acted. 

Again,  Professor  Lcbonr.  referring  to  a  section  in  the  snpplcmcntary 
paper,  spcftks  of  it  as  showing  a  vein  of  "  catcitv  and  carbonate  of  mag- 
nesia"— that  is,  calcite  and  magneaite.  two  distinct  minerals;  bnt  be 
(Mr.  Kendall)  fuund  iu  the  vein  referred  to  only  one  mineral,  carbonate 
of  lime  and  magnesia  (dolomite),  which  is  different  from  cither  of  the 
minerals  mentiouod  by  Profvssor  I^ebour.  Would  ProfetsAor  Leboar  be 
good  enough  to  give  his  reasoiis  for  tliua  differing  on  n  matter  of  fact 
which  can  be  easily  settled,  and  about  which  there  need  not  bo  two 
opinions? 

Speaking  of  the  section  nhnve  refem.1l  to,  Profi'asor  T«clx)nr  said,  that 
it  *'  was  a  simple  representation  of  a  typical  vein  of  any  ioit  of  ore,  and 
tboee  Inmps  of  oonntry  rock  in  the  middle  of  the  ruin  were  simply  the 
'hoTfrs*  of  the  cuDnlcy  rock,  such  as  were  found  in  almost  every  vein :  and 
when  these  'horoes'  were  found  they  did  nut  always  (K-cur,as  litr.  Kendall 
seemed  to  smttroe,  as  boulders  tumbled  at  hazard  in  the  vein,  but  dlcn  M 
portions  of  wunlty  rock  in  «/«."  \ow,  tin*  pieces  of  coontry  rock  shown 
ID  the  aoctioR — eo-odled  booldcts  of  ProfesKr  Leboar,  but  which  are  not 
bonlders  at  all — had  no  connection  whatcvi^  with  the  cbeeks  of  the  rein,  «1 
aa  ho  (Mr.  K.)  wss  al>le  to  trace  tbeni  from  end  to  end  along  tlw  line  of 
the  Toin,  that  is,  at  rig;bt  angles  to  tlic  plane  of  the  section.  8omc  of 
Hum  were  only  a  few  inches  in  length,  whilst  utbera  were  aorcnd  fiwL 
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So  mnch  by  way  of  reply.  He  would  now  like  to  oak  ProfcMor  labour 
for  proof  of  Lbv  slEiiciuent  miule  b}*  liim  in  the  diii^ussion  that  "  old  caverns 
were  fouiid  in  tbc  liniestanc  filLHl  up  with  hemittite."  Wtiui  arc-  cho  facts 
on  which  such  an  opinion  is  baaed?  He  (Mr.  Kendall)  bad  shuwo — as 
he  thought,  conchisively — by  reference  to  an  aluiiiilanw:  of  facts — and 
he  csoiild  funiiah  many  nwire  if  rcrjnired — that  hematite-  u-as  not  deponiind 
in  tavfrns,  am!  ho  would  be  extremely  glad  to  know  the  data  which  had 
led  ProfcEsor  Lebour  to  an  opjueite  conctuBion.  The  opinions  of  uirnegt 
workers  muet  be  furmed  by  the  facts  that  havt  comu  under  Ihuir  own  obticr- 
Tation,  or  by  facta  that  are  generally  accepted,  or  by  both.  I'Voin  which  of 
these  does  Profcs&C'r  Lebonr  airive  at  the  opinion  aboTC  stated,  and  how? 

The  point  raised  by  the  President  as  to  the  soorcc  of  the  perchloride 
of  iron  loses  much,  if  not  the  vthoJo,  of  Its  force  when  it  is  remembered 
thai  chltjride  <jf  iron  is  frecjuuiiLly  found — asalr«iidy  pointed  out — among 
Tolcanie  cmaniitiuna,  and  that  in  the  craters  of  certain  volcanos  peroxide 
of  iron  has  bwm  found  in  ccnsidcrablc  qiiantities.  M.  E3ie  dc  Beaiunoot 
remarks  ("^'ute  sitr  lea  Emanntioua  Voloiniques  et  Mi-tultii^n-K,"  page 
Id),  chat  "iron  as  a  chloride,  often  changing  into  peroxide  (epecnlar 
iron,  ftr  oligUU),  is  among  the  most  abnndant  of  the  substances  derived 
from  volcanic  emanatione." 

Professor  TiF.nmm  read  tlio  following  paragrnph  from  Mr.  Kendall's 
original  paper  (Vyl,  XXV III.  of  the  Instilote  Trausactiona,  p.  148): — 

"  For  instance,  if  a  piece  of  chalk  is  dropped  into  a  solnlion  of  per- 
crhlortdc  of  iron,  thert  at  once  seta  in  a  rcuction  between  them ;  part  of 
the  chsdk  is  dissolved,  and  a  red  precipitate  throwa  down  in  its  place. 
In  time  the  diitlk  wjutd  disappear  altogether,  and  nothing  be  lell  but 
this  red  precipitate.  Now,  that  seems  to  be  the  proccBs  by  which  the 
bcmatitc  deposits  were  prodnccd.  The  limestone,  the  slate,  and  the 
graniU;  were  each  attacked  like  tlie  chalk  in  the  above  experiment  by  a 
aolntioii  of  iron,  by  which  parts  of  them  were  removed  and  peroxide  of 
iron  thrown  down  in  place  thereof." 

This  a'emed  to  he  a  siiflicieut  justification  of  liia  (Mr.  Lebuur's)  state- 
ment of  Mr.  Kendall's  theory,  and  "at  once"  was  fairly  gottd  English  ft.r 
"inrtantly."  As  to  nrngnisite  and  dniiimito,  he  thought  Mr.  Kendall  might 
have  given  him  credit  for  a  knowledge  of  the  dilference  between  these 
minerals ;  the  point  was,  however,  nut  iu  any  way  material  to  the  question 
at  issue,  and  if  he  had  nnintcniionalty  mtB(iuoted  Mr.  Keudidl  in  this 
particular,  he  very  willingly  apologised  for  doing  so.  .is  to  the  "horses" 
of  country  rock  shuwu  in  tlic  diagram  (page  28,  Vol.  XXX.  of  the 
Transootbos),  he  had  only  spoken  of  them  aa  they  were  shown  in  the 
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figure,  and  his  criticiBm  lind,  lie  was  glad  to  find,  olk-iled  tlie  nev  and 
valimblc  facts  fr..rD  Mr,  Kendall  which  were  oeccMiir;  fur  a  jtroiicr  coiu- 
ijn;lieu»it>u  uf  thf  ligurc. 

Tiiniing  U>  the  effect  of  iKTchlf»ride  of  iron  solntion  upon  limcatone, 
be  wuuld  firet  note  m  pushing  tlmt  the  first  replacement  remit  obtain- 
ublo  in  that  way  would  be  a  hjdrntcd  compoand,  the  irftter  of  which 
would  have  to  bo  got  rid  of  in  some  way  before  hematite  could  be  pro- 
dnced.  In  what  vhj  Mr.  Kendnll  did  not  say.  ITe  presnmed  that  the 
probable  reaction  contemplated  by  Mr.  Kendall  would  be  fairly  repre- 
BCnLed  by  this  cqiiHtiott : — 

Fc^U  +  a  CaCO,  =s  Fe,0,  +  S  CaCl,  +  3  CO,. 
From  thia  the  fact  wna  obtained  that  S(X)  parte  by  weight  of  limestone 
would  produce  only  160  parte  by  weight  of  hematite.  Assuming  the 
specific  j^rarity  of  limestone  to  be  t'T,  and  that  of  hematite  !>,  a  step 
Aiiiher  can  hu  made  and  tlie  a'ktivu  vuhuucs  of  the  displaued  stuuo  uud  of 
the  rrplaciiig  ore  found  out,  which  would  prove  that  iSi  cubic  feet  of  lime- 
atone  could  yield  but  l.'tO  cnbic  feet  of  hematite.  Xow,  waa  it  a  fiK-i 
or  not  that  many  of  the  cavities  in  the  carboniferou*  litnefttone,  which 
ho  WOH  not  allowed  to  call  cai'crtis,  were  filled  or  nearly  filled  with  hema- 
tite? If  Mr.  Kendall's  theory  were  the  true  one,  the  caritiea  wonld 
never  bo  even  half  filled  with  lieinatite,  Tliis  cunsidoration  was  aloao 
Buflloir'nt  to  upset  the  theory. 

Mr.  Kendall  asked  him  to  prove  that  the  carc^like  cavities  in  lime«tODB 
holding  the  ore  were  eaverus.  This  was  the  gcncnl  bcliefhcld  by  geotopists, 
bcoiiiBe  thoBc  inrittcs  had  usually  oU  the  characters  of  cavcroB.  and  aa 
tlie  hematite  was  not  found  in  them  only,  but  filling  np  hollows  and  fiiuirei 
in  all  muiini.T  of  n^kji  inditturiminRlcly,  no  relations  of  cau«e  and  effect 
need  be  Kus|K-i-k>d  to  K\isi  between  the  ore  and  the  oontaining  slunu.  He 
was  bonnd  to  admit  that  Mr.  Kendall,  in  one  at  least  of  his  bcaatifhl 
drawings,  had  ^uwn  appearances  which  it  was  diffionlt  to  account  for 
on  the  cavern  theory,  and  poagibly  more  evidcnoe  of  tlic  itanu%  ur  erea 
more  weighty  kind,  might  in  time  he  brought  to  light.  In  that  case  the 
cavern  theory  would  have  to  b«  givou  up,  but  Mr.  Kendall's  theory  would 
not,  he  thought,  U-  substituted  fi)r  it.  In  cundusiuu,  he  bogged  to  repeat 
what  he  had  raid  at  a  former  meeting,  and  to  express  his  strung  sunae  of 
the  great  value  of  Mr.  Kendall's  facts,  and  bis  admiration  ol  the  beautiful 
jJates  by  means  of  which  he  illitsLrat«d  Uium. 

Mr.  KtNDALL  said,  that  rrofeseor  Lebour  was  Kttll  wrong  in  his  nse 
of  the  word  "  instantly."  If  tliey  referred  to  the  pa|)er  they  would  find 
it  there  stated  that  a  reaction  at  once  aff  m,  not  that  a  nyiiaammi  waa 
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Itiux  fffftM,  HK  Proff-ssfir  Lcliiiiir  rends  it.  TIictc  is  mi  «tal«iii«Qt  as 
io  the  lenji^tli  of  titijc  wcuiiiud  hy  tiic  reijIiMx-muiit.  The  chemical 
formulfc  of  ProrL-Bsor  Ijt;hinir  un  doubt  represented  the  reaction  that 
wonld  take  place  under  certain  coiidiHonst,  and  the  cakulation  based 
upon  tliesp  tbnnulie  woe  correct  in  principlp;  bat  Profcfvwr  I.t-lHiiir 
took  the  (tpecilii-  ^Ta^ity  of  hematite  tuo  hif;ti.  InBtend  of  U  it  Khonld 
utily  be  nbont  S'9.  Then  it  mnRt  not  Ik  fhi-^otteTi  that  the  hematite 
depoeitc  coutJun  n  ver)-  lorfrc  number  of  longhs.  many  of  which  are  still 
empty,  but  tnore  v\'  which  hare  btieii  fiUcd  with  dolomite.  Uesidea,  it 
ia  very  jirDbalile  that  these  longhs  were  once  very  mneh  larger  than 
they  are  miw,  and  that  thf  kidney  (in?  which  lirifi*  their  walls,  aume- 
times  BH  much  as  eight  inchea  in  thtckiiCHB.  was  formed  aEler  the 
nniorphona  ore.  When  tn  tliew  cfineideraliDns  was  ndricd  the  efteef  likely 
to  be  prodnced  by  the  perchloHde  of  iron  coming  into  contact  with 
infiltrated  eGa-nater  eonlainiiig  alkaline  ealtA,  it  will  bo  kc^d  that  the 
mathematical  tfat  of  Pn^ifessor  Iielmnr  i»  niblteil  dI'  m  fnrce  and 
tccurac)'.  Such  a  teat  ia  all  rery  well  in  a  laboratory,  where  disturbing 
oonditioiiB  can  be  eliminated  and  rpinntities  naoertained  uitb  precision. 
bnt  it  i«  cf  very  little  use  in  the  qneaticn  imder  direumun.  But  even 
Btippusing  there  vrere  some  foro;  in  it.  the  prirciplt'  iif  replanenfient  wonid 
not  lie  aflccted.  It  waa  perfectly  certjiin  from  the  (acta  they  knew  that 
limeBti.)ne  had  been  rcpliined  by  heiiiaUte,  iiu  mfttter  how  the  rephicement 
had  iiecn  c-flcctrd.  lie  did  not,  us  already  stuted  (Vol.  XXVIIl.,  page 
23S),  bind  hinioelf  to  the  parti<-utar  kind  uf  iron  by  which  the  replace* 
meut  wwa,  [.>(lected — that.  if.  iw  t'J  whether  it  wna  perchloride  oC  iron  or 
carbiinate  (if  iron,  or  any  ntber  anil,  of  iron:  bnt  lie  did  say  it  waa  a 
replacement.  Thai  vaa  a  dcdnction  trom  gculogical  premiaea  indepen- 
dent alttig'.'ther  of  chemieal  coneidemli<mB.  He  wnnid  like  IVofcsaor 
I/i'lKiiir  to  i^ivL'  them  the  lacts  upon  which  hia  opinions  as  to  caverns  were 
Ijoaod.  The  general  •■  bttiff  of  geologist*"  dtn-s  not  jnatiiy  the  positive 
stalement  that  "old  cavema  were  fonnd  in  the  limcBt^nie  filled  np  with 
hematite."  unless  that  belief  is  based  un  laels.  If  it  ia  m  baised,  what 
are  the  lacta  ?  The  cavities  in  the  limestune  holding  hematite  have  not 
usnally  all  the  charactcra  of  cavenm,  aa  Pntfeasor  Lebunr  aaya.  and  by 
carefully  reading  tbe  p;i(icr  he  will  find  that  i.nt.  Hf'  (Mr.  KenHall)  had 
given  a  great  nymlxrr  ol  fuets  to  show  that  hematite  wtis  not  depoeilc'd 
in  caverns.  If  Prctfcsarjr  Lebour  could  bring  forward  nthers  showing  that 
it  was,  he  (Mr.  Kendall)  wonld  iry  to  prove  rlmt  the  arguments  based  on 
these  facts  wei'C  ineoncluBive ;  if  he  ceidd  not  do  so,  he  would  give  up 
his  preacnt  position,  and  say  at  once  Ihnt  in  Home  caaca  Ijematite  had 


^ 


THE  lUSfillAL  RIUWURCK8  OK  THK  OOUNTKY,  KTl'. 


121 


THK  MINKHAL  ]iKS(3UKCKS  OF  THE  CODNTRY  ISKTWJIEN 
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»v  n.  A.  LBItOL'R,  H.A.,  K.H.S., 

^  KWUMtLIM)  » -TV  nt 


Within  the  last  lew  months  it  has  been  repeatedly  etjitcd  liy  those  who 
are  anxious  t.hat  a  railwiiy  Rhoiild  1)0  conntnictofl  t)etwccu  the  Tync  and 
tlie  Tweed  at-roBS  Cciitriil  Nnilhumbcrland  that,  die  Louiitry  to  l*  thus 
iravcreed  was  Jntcrtsitin^'  and  valiialilc  Irutii  an  ftgricultiiral  point  of  Tiew 
only.  The  object  of  the  present  paper  is  to  brinp  the  light,  ur  gcoii^iwil 
obeervatioa  to  bear  iijjoii  the  subject,  and  to  show  that,  idthciugh  the  region 
in  question  is  nndoubtcdly  primarily  an  a^iculttirahnie,  there  areyetnwt 
n  few  natiirHJ  remnin'os  within  it  which  may  fairly  l>e  dasHed  nnder  the 
head  of  '*  Minoralu,"  using  the  term  in  iC8  ordinary  or  non-scientific  senBC. 


OKOLOGY  OF  THE  DISTRICT. 
The  chief  fealiirca  of  the  geology  of  the  disLriet  will  easily  \k  Mudcret^Kid 
by  glandiig  at  Lhc  accompanying  Bketch  map  and  Boclions,  Plates  XXVII. 
and  XXVIII. 

The  chief  rocks  exposed  are  the  following,  in  descending  oixler,  bbo 
Drilt.  and  Alluvial  I)c]i'>Bits  being  omitted  hh  unrieccBsary  f(»r  the  purixwca 
of  this  intjuiry  : — 

fi. — The  Lower  Bcmiciao  R<x-k»,or  Lower  CaiboniferouB  Limest<jne 
series,  consisting  of  thick  grits  and  Kandstooes,  ahnlcs  (some  of 
them  with  day  ironstone),  numerons  beds  of  marine  limestone 
undc-r-elays,  and  coals. 
1.— The  Tucdiaii  Beds,  or  Caldferons  Sandstone  series,  eonsintiiig  of 

grits  and  sandstonea,  shales,  and  Iwda  of  iiiipttre  linn'Htone. 
3. — The  Basement  Bods,  or  Upper  Old  Red  loadstone,  conKisting 

chiefly  of  reddiali  griti*  and  conglomerates. 
2.— Silurian  Clay  Slates. 

t. — Th*'  (^crint  Rocks,  cionKistinfj  of  gmnite,  syenite,  porphyrite, 
doloi'itc,  ashes,  aiid  bi'ec;i;ia. 
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Of  lliptK  Htc  divisionB  No.  2,  3,  •!.  and  5,  ur«  Bedimcntarj'.  Nu.  1  iit 
tgncoits.  The  highgronnd  is  fonnedof  thelfttter,  theltiwcrof  the  former. 
The  UBcftil  prcidnctB  afiVinicd  by  them  rocl»  may  be  noticed  under  the 
folluwiug  hfttdti,  vi/..: — HiiildJiip  tttoiivs,  omamcntdl  fttunvs,  lini*»loQCfl, 
ocmcnt  Hlonui,  cla}ti,  coul,  nnd  metullifuruiis  ores. 


BUILDINC.  HTONBB. 

1'hote  at  premit  in  use  arc  atmofit  cxcIiibitcIj  the  grits  and  sandstonca 
of  the  B«rniciati  and  Tuediaa  Groaps.  These  occur  of  considerable  thiuk- 
uoHS  and  ^itli  every  varict)'  of  grain  from  the  coonest  to  the  finest.  Per- 
hapfi  the  best  of  these  ia  that  qnorricd  on  Biddlest-one  Kdgc,  near  Burradon* 
a  Bboue  which  hafi  fnmighed  the  mnterial  for  many  vf  the  large  and  well- 
bntlt  mansions  of  the  neighbour  I  lOud.  Tlie  gritit  vi'  Uuthbury  and  Chil- 
linghnm  are  gooil  uKamplcs  of  theee  ntuncs,  bitt  they  are  m  generally  present 
throiighont  the  oon-eniptive  portion  of  the  region  that  it  is  needleas  to 
fhrlher  particulari/je  ttieui. 

In  the  Cheviot  hilln,  however,  other  kinds  of  stone  occur  whieh  have 
aeldom,  if  ever,  been  mode  use  of  foranything  bettor  than  dr)--wa]l  making, 
but  which  ouQld  with  advantage  be  employed  fur  higher  purjwKM  were  the 
localities  in  which  they  arc  found  rendered  more  easily  aodwwiblc.  On  ihc 
other  side  of  the  Border  the  igneous  rovksof  which  theae  hills  are  formed 
are  not  allowed  to  remain  iintoncluKl.  witricsK  the  church  at  Ycthului, 
which  is  built  of  pitchstone  porphyry,  u  kind  of  glassy  felidic  which  is  ^so 
found,  thoDgh  nut  in  anch  Urge  (juantities,  near  VTcoler.  Again,  th« 
gnuiit«  and  syenite,  with  the  intermediate  rarietics  of  granitic  syenite  and 
syenitic  granite  (so  named  Recording  as  mien  or  hornblende  predominates) 
ofCheviotiLouseyCrag,  I/angloehope,  Akeld,Ycvering,  Reareley,  Linhupe, 
SCaindrup,  and  many  oUicr  places,  althongh  oHen  too  full  of  joiota  lur 
romuncratiTe  qiuirrying,  wcmid,  in  well-selected  spots,  yield  blocks  of  very 
large  size  and  of  very  hundsfjiuc  gmiii.  The  por|>hyritea  again  might 
hunisb,  under  similar  conditjous,  building  stone  of  great  ralno  for  decora- 
tive architecture.  They  oMisist  of  a  fclsitic  base  in  which  arc  imbedded 
large  and  small  crystals  of  felsi>»r.  As  a  mie  they  are  much  fisstirtd.  bat 
tliere  are  tnany  phoBS  where  this  is  not  the  t^se,  and  where  large  supplies 
of  good-sized  bkidcs  conld  easily  bo  obtained,  soch,  for  instance,  as  near 
Biddlestono  ITall,  where  the  stcne  is  n  bright  red  {lorphyry,  must  beautiful 
after  rain,  and  near  Akel'l,  where  it  is  of  a  rich  chocolate  brown  spedcled 
with  white.    The  red  jiorphynte  is  the  rooet  widely  distribnted. 
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ORNAMKNTAL  .STONES. 

The  reel  porf^lij-ritic  fclsitcs  mentifmed  above  might  well  claim  n 
jAaoe  tinder  lliin  heuU  alsu,  but  they  must  yield  jirecedeiice  to  what,  for 
want  of  a  bi-.tti-r  nainc,  niay  hti  allied  Ihe  fngnim  siorip.  This  is  n  nioKt 
beautiful  ([uartaxw  breccia  that  occurs  close  to  the  villngc  of  Ingram, 
and  at  several  places  in  the  neighbomiioiKl.  It  in  tljnned  of  a  number 
of  Bu1>an^dar  fiagmtnta  of  qnaru,  held  togetltcr  by  a  silicooiiH  cenient, 
and  tho  whole,  matrix  and  indusifino,  src  bright  red.  The  atone  is 
cxceeMTcly  liuxd,  aud  is  ca|(able  of  receiving  a  perfect  polish.  Indeed  a 
more  handsumo  or  lcKs-kno>ni  miitcrinl  rormuniimt^'nts  uf  gr&ai  durability 
i«  not  to  be  met  with.  Th*^  only  raw  in  whi<'h,  to  the  writer's  knowledge, 
it  has  been  utilized,  is  in  the  cburtliyard  nt  Ingmm,  where  a  large  block, 
H  Hinall  ]H)rliiin  uf  yil\'n-\i  rmly  has  Iwcn  poli&hed,  woe  a  few  years  ago 
placed  Hfl  tt  memorial  t*i  some  of  the  -lictiras  of  tlie  Abbots- RipUin  auci- 
dcnt.  Pt'rhap*  tho  nnmeruti*  geodie  Hgatee  which  are  fbuiid  in  the 
amygdftloidul  felsiies  (if  the  Cheviots,  at  the  Kidlccs.  at  Akeld,  and  else- 
where, ahotild  be  mentioned  here. 


LIMKSTONKS. 
The  only  limeatones  worth  burning  for  lime  uccor  in  the  Bemician 
«erk«,  and  they  improve  in  quality  for  this  puipuse  the  higher  ihey  are  in 
that  Hcries.  Towards  the  baiw  they  become  impure,  in  fwime  oibcs  cherty, 
aud  in  others  oolitic,  i>.,  eotisistiug  uf  luuny-coated  iuuhII  spheroidal  con- 
cTftionfi.*  The  latter  chunictcr  dues  not,  however,  appear  tu  impair  the 
quality  of  the  alone  to  any  great  extent,  as,  for  esample,  at  Hctchwter 
on  the  Coqnet  alxive  Rothhni-y,  wliere  beds  of  this  nature  arc  extensively 
qnarried  and  hnmed.  That  maiiy  of  the  limestones  nro  fit  fur  burning  is 
proved  by  the  niimbir  of  Itme-kiliiB  thai  are  found  dotting  the  country 
here  and  there  along  ihcir  ..utcnopis  throughout  the  Bemieiuii  acea.  Few 
of  tlie  beds,  however,  can  eomiiare  with  the  Great  Liinestime  of  (Ji-eeii- 
leigliton,  or  the  Fonr  Fallioiii  LrineRti»ne  of  Klf  Hills,  as  ugricnltunil 
limestones,  and  it  in  ijuit*:  powilil.;  tbut  Uicw  railwHy  facilities  might 
dimimsli  the  working  and  burning  uf  theiM?  lower  Uciiiiciau  caJmircuus 
bands. 

CBHHNT  STONKS. 

The  Galciferous  Sandstone  flcries  uf  Scotland.  Hm  long  K-en  known  as 
to  its  upjier  and  more  typital  part,  for  the  numerous  beds  of  cement  stone 
and  bitnminous  shale  wlileli  it  eoutains.     In  the  Tuediun  of  Xorth- 

'  NOTK.-Tkcw  boU  may  |)uMHbl>  Iw  mUf  iif  tiiv  t'p)ivr  TuliUuii  i^fv. 
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umherland  the  oil  shalca  arc  ahacnt — or  nt  oil  events  have  nat  yet  Ixien 
Found — but  the  ct'inent  stones  nro  present.  These  beds  rvpreaent  ihe 
limestone*  of  ibe  Ikmictan  series  above ;  indfed  they  are  timeetone* 
thcmselvcg,  but  with  such  nii  iidniixtiirx-  *}t  iin])uritteH,  HrxiUacMUH  imd 
femigiiioiii*,  AS  t<i  l>e  finite  nnfit  for  the  iti-dinary  purpiiges  ti.  which 
otdinaiy  limefltoiics  luuj  be  put.  Uut  if  as  liuieirtvtieit  thetw  UkU  be  moat 
impurv,  for  the  piirpuse^  uf  eemeiil  miiniifiietiire  tliej  are  excellent,  and 
there  seema  to  lie  no  jjood  n-iUK^n  why  «-mnnt  making  Bbould  not  become 
M  flourlNhiii}!  an  industry  iti  Nortliiimbcrlnnd  M  it.  it  in  HotClHnd.  Triula 
of  some  of  the  Tiiediitn  aimetit  sti^ncs  liuvc  been  made  on  ■  vaty  ■naU 
icalc  and  with  tlic  beM  i-esult^,  but  the  beds  viiry  in  thicbicn  (rarely 
attaining  fifteen  feet),  are  ntiything  bnt  confitant  over  Inr^o  nrean,  and 
their  oonipuBitioti  is  dunbtlesH  variable  likewise,  su  that  sjweiaL  proowaeB 
Would  }x  requirtd  for  the  trentnient  of  the  dtone  in  diflcrent  cmcs.  It 
it  right  U}  [>oint  out  theik'  difficulties,  nuue  of  which,  however,  seem  to  be 
■i  all  iusunnouQtable. 

t'LAYli. 

The  Cheviot  Itocks  being  all  felitpathie,  the  tendency  of  their  dii- 
integratiun  and  deoompoKitiiJu  is  to  pnxluce  clayo  more  or  lew  of  the 
natarc  of  the  Kaolin  or  china  clay  of  ('ornniill  urid  Dc\'on.  Arconlingly 
the  writer  Iihs  found  clay  c>f  this  kind,  but  not  of  the  puieBl,  oceuning  ai 
the  infilling  of  liBEiirca  at  eeveral  h\H}i£  within  tlie  porphyritie  hilb.  At 
none  of  ihexe  pkct'S  were  th(-  depociitii  of  Htifficietit  ini|H>rlHnrc  to  soggist 
the  possibility  of  their  ever  being  worked  profitably,  but  enough  was  aeen 
to  justify  8  sQHreli  among  theoc  rocks  for  de|io8ilji  of  similar  nature  and  of 
larger  extent.  It  is  oven  poBsiblc  that  in  some  cases  where  the  !it<inc  ia 
deeply  wtathered.  it  might  pay  t"  wash  down  the  dccouipoeed  fe^mr 
after  the  Ci.>rui8li  fushion. 

Of  brick-eartlis  and  eoain*  jmtter's  clays  there  an-  plenty  in  the  drifta 
which  oliw-urc  and  mask  the  older  r«ick«  of  the  di«tria,  more  rtiwciuily  in 
the  old  ULke  buitiu  of  Flodden,  north  of  Wooler. 

The  acams  of  coal  arc  all  in  tho  Hernician  scrieA.  Tboy  are  thin  and 
not  of  the  best  fjUidiiyr  but  Buvcra]  of  Eheni  hare  be«n  and  some  are  stdl 
worked  (or  landule  parpoaes.  Some  of  tho  seauu  are  well  known,  such 
aa  the  following,  given  in  descending  order  : — 

The  Fateeet  or  Cttlihid^  mal,  worked  nt  Doddinglon,  Ititcr  Bit  (or 
BiteHbMUt),(.'luitton,  &c.,  varying  frvtu  I  fbot<;l  inuhea  to  S  fcec 
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The  Oraw  or  Main  coal,  worked  at  E^linplmm  Biid  Chnlton.    This  is 

the  flt'Winl  IjchI,  ciMil  in  the  iHstricl,     Acd-nlitig  to  the  IhU;  Mr. 

G.  Tate,  T.(i.S.,  it  is  from  2  feet  G  inchea  to  o  feet  thick,  ii  « 

Btrong  ociHl,  but  IcavM  a  con&iilcrmble  n^aidue  after  baming ; 

■omc  portionB  were  formerly  used  at  Bmithiee,  when  sca-bome 

coal  was  taxed. 
The  Jiardy  or  Stotiy  coal,  worked  at  Ford  and  LcmmiDgtoii.  with  a 

[naximum  of  3  feet. 
The  Main  ar  Btilman  cnal,  worked  at  Doddinffton,  Barmoor,  Ohatton, 

Eglingtiam,  &c.,  a  good  steam  ecal  varj'ing  from  'J  feet  to  G  feet 

2  indies.    The  \xM  roal  in  the  diatriuU 
The  TArf*'Quarlfr,  Coojmr  Etje,  mid  Wexter  ciiala,  each  with  a  riiaximum 

of  about  3  feet,  three  poor  Beams,  below  which  none  arc  known 

to  Ik  workable.* 

0RB8. 
Theee  are  prr«l>nbt y  (he  least  valtiahte  mineral  firndiicta  of  the  district, 
but  it  may  be-  a»  \\v\\  t^  eiiuiiR-ratc>  thi<(«  lliat  tire  kiiowti  to  l)e  jjresent. 
Inm  orea  ftrctir  aa  clay -ironstone  in  the  Bcmician,  and,  to  a  lewt  extent,  in 
the  Tuedian  ahalen,  bnt  not.  so  fur  as  the  writer  ia  awniT;,  anywhere  in 
workable  quantitit'S  nnleas  the  Briiikbiirn  ironstone  shale  be  regarded  aa 
coming  within  the  limit  of  the  paper,  in  which  case  the  Shilbnttlc  coal,  and 
eome  beda  of  "  OanniBt^r  "  would  have  to  he  included  likewiae.  Mr.  Tate 
records  hematite  a«  having  been  Heeu  in  a  v<;in  neai- 1«  Harthope.  Copper 
haa  been  very  freqMently  said  to  have  J>cen  found  in  lariouB  locatitii«  in 
the  Cheviota,  as,  for  inaCance,  at  the  liidlces  in  Upper  Cuquetdale.  The 
writer  Ixjlieves  all  sneh  caws  to  l**  ajwcryjihal  \  green  earth,  w  glanamit^e, 
whiwh  if  very  (Hinimou  in  the  porphyritcB  and  their  aeaociated  rocks,  having 
probably  been  miatJiken  fur  it.  f  u  tfie  same  way  gold  has  more  than  once 
been  recorded  as  a  f!hcvi<H  miniTal,  yellow  mica  having  given  rise  to  the 
Btory.  Lead  is  commonly  said  liy  minera  nob  to  occar  among  the  Cfaeviut 
Rocka.  Tlierc  is,  however,  a  very  diatinct  lead  vein,  which  anyone  can  ace, 
at  a  plate  called  Raven's  Cleugh,  a  little  t'j  the  north  of  Alwinton.  There 
an^  also  indications  of  veins  iti  the  ueighbourhood  of  iDgram,  and  it  ia  very 
unlikely  indeed  that  these  ahonid  be  the  only  lodes  in  these  hills. 

CONCLUSION. 

The  Hat  nf  the  minornl  resources  known  to  the  writer  aa  occmring  id 
the  district  tinder  conBideration  is  now  ended.     Probably  the  oement- 

*  Mud)  itifonnation  rp^iirrtiiip  thew  wami  \a  to  be  Coaud  in  tlw  Uui  Mr,  T^t«'« 
(■ptn  ill  the  lkrwick«lilTe  Tranxautlann, 
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stoQQft  of  the  Ttiedian,  met  with  m  tlwy  an  qiiiC«  nenr  In  workable  nomi 
of  coo],  niny  prove  to  Ijc  in  the  future,  in  niujunctinii  witJi  cheae  coala,  of 
greater  impuitanoe  to  Northcni  Mid-NorthumberlaDd  than  anj  of  the 
other  products  eoumerated. 


The  President  asked  tho  Pn>fse9or  if  the  pranite  discovered  in  the 
basaltic  dyke  grudtially  changed  ^^)m  basalt  in  the  same  way  as  at 
Portrush? 

PrufciHur  IiBDOua  replied,  that  the  points  of  junction  betivccn 
the  porphyritcs  and  granito  nnfortuoately  oocurrod  where  the  flanks 
of  tlic  lulls  werv  cuvercd  with  peut,  whicti  in  that  dislriH  n-aa  ufU'U  uT 
very  great  thicknoas;  and  tho  result  was  that  these  points  of  janction 
between  the  dit^rent  kinds  of  rocks  were  very  rarely  seen.  This  was  on© 
of  the  great  drawbacks  to  Clieviot  ^vtogizing,  and  B•^  much  ho  that  he 
had  never  seen  a  jiitiction  Utwecn  the  pmiiite  and  the  porph^Tiles. 

Tlifc  Prbsidest  said,  they  mutt  U'  very  mnch  obliged  to  Mr. 
helKJur  fur  having  takeu  so  much  pains  in  giving  them  that  paper.  It 
would  ]K'rha[is  give  Hmi  to  <iiscuf»ion  as  tu  whether  the  reaouroes  bo 
had  dcftcribed  woald  be  snflicienL  to  add  very  materially  to  the  traffic  of 
u  [jubltc  railway ;  but  a  railway  might  give  rise  to  certain  employments 
tind  dovclopment  of  the  district.  He  oonfened  he  did  not  think  the  enume- 
ration of  thti  rosourcvs  of  the  district  gave  mnch  hopu,  but  he  would  bo 
very  glad  to  hear  what  any  gcuttemau  hiul  to  say. 

Profeffior  I.BBOLH,  in  answer  to  u  question  by  Mr.  Bewick,  said  the 
lead  ore  which  had  been  found  to  the  north  of  Alwinton  was  not  on  tho 
line  of  dyke  eliown  on  his  (the  Professor's)  geological  map^  but  waK  north. 
not  in  connection  with  any  basiiltio  dyke,  and  the  vein  was  an  uiat 
and  wpgi  one.  It  had  never  bc<:n  worketl,  or  even  attempted  U*  be  worked, 
alLhuugh  it  is  ]>erfectly  visible,  and  is  one  of  the  most  bcautiM  veins  that 
can  he  seen  anywhere  in  the  field.  The  aeoms  of  coal  were  of  varUU»lv 
thickness  from  3  feet  to  6  feet,  and  onght  to  be  valnablc.  Thry  were 
worked  at  a  uuiiiVr  uf  different  phices,  which  he  mentioned,  but  the 
want  of  nilway  commnnication  had  always  prvvetitixi  tlieee  cullifrics 
becoming  anything  more  than  landsnle  rollierics,  and  supplying  coal 
for  burning}  lime.  The  c<ials  arc,  however,  of  good  qnaUty,  and  naed 
fur  blackuuiths'  purposes. 

Mr.  D.  P.  HoRiBON  Biipposed  that  the  whole  of  the  series  was  limestone 
oob] — not  coal  from  th<-  true  atal  meainres. 

Professor  liEBouc— Yes,  all  were  in  the  Bemician  aeries :  and  there 
was  an  interesting  point,  gei^gically,  which  he  had  omitted  to  point 
oat  ta  bis  paper.    In  this  particular  district,  to  a  line  due  south-wcat 
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of  Uiis,  tbure  wim  tlie  very  greatest  thickneufl  of  (Jarbonifcroun  Limestone 
to  bo  fmiml  anywhere  in  Britain,  or,  us  I'ar  uit  be  kuew,  iu  the  world,  the 
only  approach  to  it  being  in  the  Knlm  of  Silesia.  Wlipn  he  wrote  his 
litUe  book,  "  Outliaes  of  the  Geology  of  North iirabcrUnd,"  he  thou^'ht 
he  vaB  going  very  far  in  saying  that  chc  serion  was  at  least  8,000  feet 
thick.  That  was  againet  all  prea>nceivcd  notions;  but  now  he  was 
happy  to  say  that  the  work  of  Topley,  Gnun,  and  oclicra  of  the  Geol<^ical 
Survey,  in  NorthuinixL-rland,  hail  pntvcd  the  etatement  to  be  under  the 
tree  thickness,  which  was  probably  from  10,000  to  11,000  feet.  It  is 
not  the  widest  part  of  th«  outcrop  where  thero  is  the  greatest  thickness. 

Mr.  T.  J.  Hrwick  said  that  in  Yorkshire  there  were  fewer  shales  and 
lUindfitoneii  altrrnating  with  the  bi'ds  of  limcKtoucH ;  and  northwardn  int^) 
this  district  the  Nliules  aud  uaudstuneti  iuc^t'a«^d  in  tbtekuesit,  whilst 
there  was  prubiibly  no  diniinntion  iu  the  aggregate  depth  of  tlie  liuiesUine 
— which  might  even  l»e  thicker. 

Professor  Lebouk  thuiiglit  that  this  was  hardly  the  caae,  and  that 
probably,  iflhe  bods  of  limeetonc  in  this  district  nere  all  added  together, 
they  wonld  not  bo  so  thick  as  those  in  Yorkshire:  bat  they  were  infinitely 
more  divided,  and  probably  there  were  not  fewer  than  twenty  or  thirty 
thin  beds. 

Mr.  T.  J.  Bewick  asked  Professor  Ijehour  if  he  had  nny  idea  whether, 
if  the  NiirtliumUTland  Central  Railway  was  made  through  this  district,  it 
would  lead  Ui  any  development  of  its  mineral  reaonrces? 

Frofeiisor  LBROtnt  conid  nut  v«ntm«  an  opinion  ;  it  would  be  rather  too 
much  like  n  prediction.  He  thnnght  he  had  understated  the  riolies  of  the 
district ;  if  he  had  been  advot^nting  the  merifa  of  the  niilway,  he  would 
prribablj  have  stated  the  rime  more  strongly  than  ho  had  done ;  but  he 
had  wished  siuiply  to  give  oji  atx^mui  of  the  reflonroes  existing  in  the 
district  which  he  knew,  without  making  them  apixiar  Uitter  than  they 
were.  He  thought,  <m  the  whole,  that  the  cement  beds  would  be  the  most 
important  feature  of  the  district  at  present,  and  there  might  bo  lead  veins 
which  would  ultimately  materially  rneivase  its  prosperity. 

The  President  proposed  a  viit*;  of  thanks  to  Profesaor  Lebonr  for  bta 
very  interesting  paper.  Perha|w  it  had  opened  the  ground  for  n  littlu 
further  di»ciiiini'iu,  whicli  hv  hoped  it  wonld  reocive. 

Mr.  T.  J.  Hewiuk  scwunled  the  role  of  thanks,  and  it  was  carried  by 
aoctaainttoci. 


The  SKruKTARY  read  the  following  **  AeconuLor  a  Discharge  ofLight- 
uing  at  Kimblesworth  Oylliery,"  by  Mr.  Jolin  Daglish : — 
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AOCOOST  OF  A  DISf'FlAROB  OF  LKJUTXING  AT  KIMBLES- 
WORTH  COLLIKRV,  ON  JULY  12th,  1880. 

Br  JOHN  DAOLISU. 


The  following  cvitlcnnc  wm  Hiken  dawn  at  the  time  of  the  occuiTcnce: — 

Mr.  Tate,  Matiii<;«r,  whs  in  llie  wllierj  office  (see  Plate  XXIX.), 
80  j"ard«  trom  thu  KliaEl  (Ji'-il  |mu.)  The  thuniler-Btorm  was  very  near. 
the  H^tning  very  vivid,  and  the  thnndor  very  lond.  The  office  was 
Btrnck  by  the  lightoing  at  the  ci>rn«  x,  where  the  telegraph  wire  enters. 
{■Yom  tiie  tippinirtinut-  of  tlie  diiTniigc  done,  it  mems  |)robablc-  UmL  ihe  lif;hL- 
uing  passed  nlonj;  on  thf  telegraph  wires  up  to  when-  they  arc  attached 
to  the  office,  where  it  divided,  one  portioti  ranning  down  the  itmallcr  wireu 
to  the  teiegniph  instrument,  meltinjj  and  destroying  them  and  sprinkling 
tho  gQtta-petxJm  over  several  pahs  of  the  office  ;  the  wirner  of  the  office 
VM  blackcQed  twelve  inchut  on  each  side  of  where  thciic  wii«R  Htond,  and 
the  small  wood  ixjx  sanuuudiug  them  was  splintered  into  iuauinenible 
nnall  piecca.  The  larger  pni-tirm  of  the  lightning  had  been  apparently 
discharged  on  t«i  the  office  ronf,  carrying  away  many  of  the  slattfjj.  Oon- 
Kidcrablu  damage  was  done  Ui  the  interior  of  the  office,  portioiiH  of  ptMtei* 
being  reme.tved,  and  in  Home  parts  the  wall  Bcored  don*D  deeply,  as  if  by  a 
nail.  As  tho  damage  was  done  in  dif^rent  parts  of  the  office,  apparently 
the  discharge  from  the  roof  had  been  from  several  points.  Twenty-one 
panes  of  glaiw  were  brcikciii  in  dilferent  part*.  The  oiHoe  was  filled  with 
Himokc,  a  strong  emen  of  burning  (icn-ading,  and  a  detonation  was  heai"d 
rettcDibllng  that  nuide  by  the  di^oliarge  of  a  large  cannon.  The  lightning 
eonductor  of  tht:  large  boiler  chimney  at  the  pit  waa  atrnek  atid  damaged 
abont  Ibt  name  time. 

(Jeokqe  Strono,  Clerk,  was  in  the  office  with  Mr.  Tate.  Owrrobo- 
ratea  Mr.  Tait-'e  BtatcmentH.  Siilfered  from  the  pffeotii  for  some  time 
after. 

aAMUEL  BoswELL,  Onsctter,  was  at  the  bottom  of  the  Kimblesworth 
Pit  (100  yards  deep),  at  A,  ou  the  noilh  side  of  the  duwucast  aliatl. 
About  8"S0  p.m.  aaw  a  bright  flaRh,  just  ae  he  waa  alwnt  to  rap.  He 
stood  back:  wam  Ktupified :  heard  h  li>ud  peal  of  thunder  simnltaneoualy 
with  the  flash. 
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JOHK  Ord,  Oowttfr,  <Km  on  the  north  «ide  ul'  the  ehaft  at  A  ;  »iw  « 
flash  of  light,  mid  thought  he  saw  it  go  in-byc. 

FitEDEKtcE  HoDQiK,  ooupliii)?  tip  WH^'oti!!  at  bottom  of  tUiail.  wu 
ftbont  15  yards  off  (ht  Bhaft  on  the  nortli  wde  at  B,  (rich  his  back  to  the 
sltaA, ;  saw  a  hriglit  light  whu-h  npiurvntly  jinHicd  off  the  drum  of  the 
tindcrgronnd  engine  (Bitiiatod  ?0  ym-ds  north  of  the  Khaft),  thoaghtit  wm 
lightning,  hut  heard  no  thnndcr,  as  the  engine  was  running. 

•loint  Tatk,  Back-averman,  was  at  the  abaft  bottom  oa  the  nortii 
aide  at  B,  facing  t'lnardR  tJic  lihalt.  8aw  a  flusli :  beani  K.  Thirlwelt  sar 
at  once,  "There  is  ftomrthing  gone  off  the  drum  of  the  ongino,"  and  he 
said,  "  1  think  it  \h  lightning." 

RoBKKT  TuifiLVFELL,  Engioo  Dmm  Boy,  was  in  the  engine-house  mi 
the  north  side  of  the  Hhaft  at  C  (9  feet  nbore  the  wagonway),  viw  looking 
in-bye;  Raw  a  flaxh,  which  lighted  up  the  place;  nlioutr^d  to  hio  father, 
"  There  is  a  flasli  of  lightning  gone  in-hye ; '"  then  be  beard  the  on*etter 
^Making  about  it.  'Hie  imprvwion  on  ci'oryone  vaa  that  a  flaali  of 
lightning  hod  come  down  the  pit  and  gone  into  the  irorkingt. 

JotiK  KoBlN80»  (17),  attending  the  underground  piimping-cngine, 
had  juBt  come  through  tlic  doors  from  the  "return"  where  the  pump  is 
placed,  into  the  "intake"  close  tn  the  hauling-engine  at  D, saw  n  namber 
ofsparksat  the  joint  of  the  compressed  air  pipes,  and  al()o  heard  a  crackling 
noise  ;  thought  a  bolt  of  the  joint  bad  broken ;  went  and  told  the  onaetter, 
who  said  lightning  had  come  down  the  pit. 

W1LLIA31  ATtoxflOX  (19).  wagoawaymiui.  was  at  the  soath  way  ends 
at  E  (100 yards  south  from  the  shaft);  the  Bboil  esunotbti  seen  fVom  this 
point,  as  there  is  a  bend  in  the  road,  saw  a  light,  like  sparks,  fly  oat  of 
the  rope  whore  it  is  socketed,  with  a  crackling  nuise ;  had  no  idea  of  what 
it  was ;  then  a  boy  uamc  from  the  shoit  and  said  that  ligbtniog  had  come 
down  the  pit. 

Lt'KB  Thhw  1 1 7),  attending  to  the  rope  off-take,  was  near  Atkinson  at 
■ooth  way  end  <  1 00  yards  from  shaft),  saw  a  bright  light  at  the  ■ookei. 
heard  no  noise. 


Mr.  Tatb,  in  amnrcr  to  a  question  Irom  Mr.  Bewick,  staled  that  no 
effects  were  [H'oduoed  in  the  pit  beyond  what  wa«  stated  in  the  paper. 
There  was  no  not«  of  the  lightning  haiing  been  seen  fbrther  in-bye  than 
was  there  described. 

Mr.  HtrSNTSO  thrn  read  the  foltnwing  letter  fVvm  Mr  John  Brown, 
the  Pmiident- Elect  of  the  North  i^ffOTdsiiirc  Institute  of  Mining  and 
Mechamoil  Rnginrrrs ;— 
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Till  Hawtiidhva, 

S,  Lossu^  KOAD,  BismxQBAU, 

\8tk  Jantiary.  1881. 

DxiiH  8iK,—  I  hum  bemi  rcailing  tbr  int«r«atiiig  «mmnt  of  thp  Ughtning  «t 
TiutflHfl  Moor  CchlUmy  hi  the  iMt  niimbicr  Df  ^otir  TniuMtlotit. 

Abont  tfoi  jMin  mf^  it  wiw  rppnrt«d  U*  toe  at  Lh«  CWnnork  ChKM:  CnllieriM  that 
Iht.  ll^htnln^  hftd  ntnirk  thf*  pullers  at  the  No.  8  XurCh  Pit,  And  had  mne  dovm  tlw 
raniid  wir<?  rope  and  aliinnad  the  man  »t  the  |ril  IxAtcnn  by  k  datih  or  irpnrt,  <>r  twrtli 
<I  foi^  whicli). 

I  rpniennW  Ili>t  tiiprc  wiu  iint  anything  mid  ns  tn  it  trnveninfT  tfce  irnrluiifT*. 
which  were  lliea  onj j  cxploriiij;  beadws]->  la  ver;  fsultf  gnimil,  luid  the  rowlt  wet  tud 
dirty. 

I  bclicre  the  effect  wu  not  ohaorvcd  bcjond  Lh«  plates  or  "  flat  >bnU "  hI  tlM< 
pit  bntLnm. 

'Thr  |iLt  wu  a  little  motv  ttiui  300  yxtit  Aopjt  -.  th«  surfiifA  nrorkit  in  nn  i-L'i'at^ 
and  t-x]i>iiir<d  ■ituKtion,  to  I  deUTininrd  tn  luivc  a  ligbtiiiiift  coniluctur  llii'd  to  tbt  pil 
(mine  and  abore  the  pulley*,  luid  this  was  dnne  by  Mnsn.  Bailey  and  don,  of  Salford. 
MftnrknLfT. 

The  lightning  coold  nnly  have  pbuh)  down  the  abaft  by  thi^  rape,  aa  then  wan 
no  nthcr  mctaltic^  conductor  excepting  a  rignal  wire  ;  bnt  1  An  not  rrcidlcct  anything 
having  br«n  Mid  at  there  Ving  any  diaeharge  into  the  An.gine-honu. 

Yours  faithfully. 

JOHN  BROWX. 
Piegident-Eloct  at  tim  North  Staffordali  Ire  liutituto 
nf  Knginoen. 

THta  Wooo  Drmcmo.  Eaq.. 

N  cwoastlc  -on  -Ty  n  p. 

Mr,  Tate,  continuing  his  romarka,  Btatod  that  the  ropes  go  within  a 
few  inches  of  the  iron  guides,  and  that  two  of  the  boys  and  men  at  B, 
who  were  mcntinDi?d,  had  tboir  backs  to  the  ahaft  atid  saw  the  Ugfat;  but 
the  two  onsettcm  were  facing  the  shaft  at  A. 

The  Fhehidkkt  said,  that  the  lightning  went  dnwn  the  Tanficld  Moor 
and  KimblPBWfirth  pits  at  nearly  the  same  time  on  the  iSth  of  July,  so 
that  apparently  it.  was  in  the  same  etonn. 

Mr.  Tate,  in  aoEwer  to  Profcssur  Uemchel,  snid  that  thcro  was  a 
unaU  lightning  uonductor  over  the  telegraph  office  on  the  top  of  the 
telegraph  \y>\Q,  but  the  conductor  was  destroyed  :  in  fact  all  the  wires 
were  destroyed  within  110  yards  of  thf.>  office,  and  had  to  be  renewed. 

The  PR£jjiDKttT  said,  it  seemed  lu  him  Htrunge  ttuiL  iu  the  whole  of 
the  ypai-B  whidi  had  passed  hye,  aecidoiils  of  this  bind  hod  not  been 
recorded :  but  he  thuught  that  what  they  had  now  heard  would  prctbnbly 
indiioe  managers  to  take  tnoie  iiuttee  of  similar  pliciiomcna  in  futua-. 
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U  hod  been  thou^'bl  vcrf  likelj'  by  winu  people  that  the  exploiuon  whicb 
took  plaoo  nt  Kisca  was  owing  to  li^'htiiiii^  p>in^  down  the  pit ;  att  there 
M-u  a  TCij  flercrc  thnnderstonn  M  the  tiriK  th«  ncL-id^nt  httppened.  If 
Lhcy  fotuicl  ttiHt  Figlituiug  wont  dt>uii  \ul  iihaCbi.  tlicy  sbuuld  tnr  to  pr^ 
vent  it  fr«jm  doing  m.  Ho  ihttught  tlie  uiciiil»;ix  truidil  iigrcc  that,  they 
were  v«ry  macli  obtif^d  to  Mr.  Dnglisb  for  having  broaghi  theM  {ac\s 
Torwurd.  They  hud  heard  i>f  "ue  {larttciilar  case,  and  when  that  hecamo 
corroborntcd  by  atmoet  a  Bimilar  ciiie  happening  elsewhere  about  the  same 
time,  it  very  miidi  strpnjrthcncd  the  first  acmnnt  they  heard,  and  pro- 
Iwbly  they  might  obtain  inncb  m<jTv  iiir<jnnati<'n  now  that  their  att«ntion 
had  tiecii  directed  t"  Llie  Hiibji-et.  In  iviiurlEttiiuii,  he  propoecd  a  vote  of 
thanks  to  i\Ir.  Daglish.  The  propogaj  wiu  seconded  by  Mr.  BBWiCK^aod 
having  bwn  oirriod  by  acclamatioo,  the  meetinj;  wparat^d. 
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Plan  shewing  Position  of  Shafts   &c. 
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PROCEEDINGS. 


CIRNKKAI.  MKKTrSd,  SATrHDAV,  APltll.  2si:  |fV41.  IN  TIIK 
WOOD  MKMOKIAI.  U-VLL.  XKWCASTLK-ON  TVXB. 


<3.  C.  0nKKNWKr.l«  foq,  Pbbbip«kt,  rit  rnt  Cbaib. 


The  Sborbtakv  read  the  minutes  of  the  ket  mcetinfr  and  reported 
the  pr«K'wclingH  nf  ttie  Council. 

The  iVdUiwing  geutlcmen  wore  nominated  for  election  ;— 
OkbTKuty  Mruhkk— 

Mr.  DaHD  UoitOAK   LUVKLLiM.  }-\U,S..  (Iril  uid  Mininfr  KiiKiitcii-. 
(ilniiwcm  Offii;v<,  PnntTponl. 

AiflOciATK  MmiBaK   - 
Xt.  Jauks  Tait,  EiiUte  Agent.  aKniioiid<ws,v  Uoor.  Cmljoe. 


The  Sbchhtauy  said  that  Mr.  Cliarltm  Parkin,  whu  was  absent,  liiid 
reqcested  him  to  read  his  paper  "  On  the  Trentmeni  ««f  Ores." 

Mr.  Dkwick  saitl  lh(;re  na«  ii  stuivU  atttiJiUiUiw  :  tliu  paper  waa  a 
long  one.  anti  ctintjiinwi  nm]ij  BtatimJcs  wliirli  liir-y  nnuld  not  very  well 
Larry  in  their  heads,  nod  he  moved  rhat  the  paper  lie  printed  and  issnfd 
before  being  discussed. 

Prcifrssor  Lkuuhk  secioiided  tht!  motion,  which  wait  )i^i'ei;d  to. 


THE  STEPHKNSOX  CENTKNAUy. 

Thu  Secretary  stat^id  thut  he  had  Bpokcn  to  th«^  Majnr  a  fcv  day* 
ago  B8  to  the  desirHhiljty  of  the  iLiiliiuriLicH  uf  tlii^  Luwn  Hiking  micju- 
uteps  lo  celebrate  the  Ctntenary  of  the  liirth  of  George  Stephenson  \u  a 
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paocneuiKua. 


manner  wortbv  of  tlii.'  Luwn  that  itiight  be  said  to  repn-Hviit  tht*  district  to 
which  he  was  Wrn,  and  that  tlie  |)ro|>uiial  liad  been  mmi  itnthusJaHtically 
received. 

The  PRESIBEXT  obserred  that  be  hod  that  day  altflnded  a  large  and 
influential  meeting  that  had  been  culled  by  the  Mayor  m  consider  the 
subject,  and  had  proposed  that  the  moat  suitable  way  of  identi^nj;  the 
nanio  of  Stcphenfion  with  the  t^iv/n  would  be  to  crcict  a  itpacioaa  and  hand- 
BOtnc  buildiu^  Ibr  the  Cuilege  ol'  Physii»l  Si-ience  which  hmi  for  the  htsi 
eight  yeare  t>c«n  eatabliahed  in  the  t^iwn  under  the  auapicca  of  the  Uni- 
vcnity  of  Uorhain ;  and  Hub  ])roiK)8ition  had  been  so  well  received  tliat  it 
was  carried  unaniinoiialy. 

Mr.  8iMi>Hi)N  propowd  "That  this  meeting  heara  with  aatisTactJon  the 
proposal  that  haa  bwn  adopted  at  the  meeCiiifj^  held  at  the  Tohd  Hall 
to-day  with  respect  to  the  Qeorpe  Stepheusou  Centt-uary,  and  the  member* 
present  pledge  themaelvea,  both  individually  and  oollectively,  to  do  all  thej 
can  to  ensure  it«  tuccew." 

Mr.  Bewick  fiet.-<inded  the  motion,  whidi  watt  agreed  to,  and  this  oun- 
clndcd  the  buainofls  of  the  uit^vliu^. 


ON   TEE   TREATMENT   OP   OSES. 


Ux  CHARLES  PIRKIK. 


It  ia  intended  in  this  yayer  to  ^Jve  somo  descripLbn  of  thi-  innctitncry  ami 
appUanccB  used  in  dressing  tin.  co])per.  lead,  aiifJ  other  ores  in  Cornwall, 
bftied  upon  the  writer's  obeervations  made  in  tlie  country  during  the  last 
taxyodfi. 

AUhongh  vast  improvement  lius  bwn  made  in  the  undergroniid 
brancli  of  miuiug  operatione  in  thiK  coniitr^v,  thv  dix-»eing  dc{mrtmeut  liua 
been  greatly  neglected,  and  Cumishraen  have  been  alow  in  taking  up  the 
•cicntific  advantages  irhich  have  been  at  their  command;  thoro  ia,  how- 
ever, in  many  cjises,  every  exciue  for  their  reluctance  in  adup'tiug  ao-called 
improved  machinery',  when  it  ia  cuutildered  that  much  of  what  they  have 
adopted  has  had  to  be  a!>andontd  us  utterly  imeless,  and  that  in  many 
case*  the  working  expenses  and  coet  of  the  improved  appliance  place  it 
beyuud  tlie  muin&  uf  the  mine  ownem. 

The  old  adngc  that  "nowssity  ia  the  mother  of  invention''  has  been 
Ijecoliarly  applicable  in  this  instance,  fur  the  deplorable  Btate  of  Cornish 
liiuiing  during  the  late  period  <if  depresHiun,  votipled  with  the  strong 
eompetitiiin  with  tlie  colonies,  more  e8.i»o<ilally  in  the  tin  traHe,  made  it 
absolutely  imjjerative  to  invent,  and  to  adopt,  every  raeclianical  means 
possible  to  reduce  the  cost  of  rendering  the  ores  lit  for  market,  and  the 
conBequcnee  is  that  ^Tt-at  progrega  has  been  made  during  the  past  few 
years  by  the  introduction  of  new  and  iui])ruved  macliiuury,  to  supersede, 
as  fiir  as  practicable,  the  eiiienatvo  treatment  which  hod  been  carried  on 
hitherto  by  maiinal  lubr^nr  alone,  the  result  of  which  shows  a  considenable 
saWng  in  eacli  (lejjariment. 


CRIJ8HIN0. 

The  following:  remarku  will  apply  more  especially  lo  tin,  but  to  some 
extent,  the  same  treatment  in  oliBCrved  in  drcBsing  lead,  copper,  and  other 
ores.  The  first  profcss  tlimugh  which  the  ore  pasBcs  on  its  arrival  at 
snrface,  is  ihat  of  breaking;  it  down  to  a  snitable  size  for  the  stamps; 
until  recently  this  opemtion  has  been  Wilely  performed  by  hand  laltour 
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nnder  the  style  of  "s|)alling"  hihI  "ragging,"  but  Blake's  stone*<rndier  is 
now  bcinf^  aged  Tor  ilii»  wnrk  nt  many  of  the  mines  with  satisfoctory 
results.  Aa  most  of  the  members  of  this  Institute  will  no  donbt  be  ftiUy 
acquniatcd  with  tbe  cxmHtruction  of  thie  mat-liine,  Mic  pntent  of  Mr.  U.  R. 
Manden,  Soho  Foundry.  l^eAti,  it  will  not  be  nccesfmry  to  give  anj 
detailed  dcMTri[)iioD  nf  it  hen.'  more  tliHn  lieiira  od  its  use  in  the  present 
instance. 

Tbe  action  of  the  nmchiue  consists  of  subjecting  the  Twk  dropped 
bctwi'cn  the  two  jaws  U>  a  sncceasion  of  bitee,  until  it  ia  saflScienUj 
crashed  to  ims  out  at  the  iKittoin,  tbe  sir^  can  be  regulated  at  pleasare 
bj  cbuiiging  the  cant  iron  plates,  and  putting  in  iiarroMrcr  or  broader 
ones.  It  seems  to  be  u  mistake  to  try  to  reduce  the  stuff  too  small  at  one 
opcntion  (the  1h!rl  distance  to  leave  the  jaw  open  at  the  bottom  is  fVom 
S  to  S^  ioches),  ahonld  it  be  necessary  to  reduce  tbe  ore  to  a  smaller  size, 
it  vrould  be  better  eitlicr  to  pass  it  through  a  second  time  with  the  jaw 
set  closer,  or  lo  allow  the  suifi'  to  full  into  another  moebine.  The  palent 
combined  arrangcraent  of  working  two  mflchinca  together,  the  larger  one 
bcin^'  a  1  ^  inch  ur  20  inch  x  9  iuuh  imd  the  suinller  one  a  12  inch  x  5  inch 
seems  adntntageous^  as  it  umshca  the  whole  of  the  rock  down  to  a  gina 
size  with  onoe  handling,  tbe  larger  tttonc  being  dropped  from  the  larger 
mactilne  into  tbe  hopper  of  the  smaller  madiine.  This  latter  plan  ia 
most  deflirable,  also,  because,  when  large  atones  are  put  into  the  large 
crasher  and  rednccd  at  ou*;  operation  into  small,  a  good  deal  of  power  is 
tost;  and,  again,  by  baviug  two  machiucs  an  opportunity  ta  oO^red  of 
thrc'Wing  away  bctwci-u  the  two  opcratioiia  any  pafi  of  the  stone  which  majr 
coDttun  -no  mineral,  for  oOen  stones  are  met  with,  especially  in  the  case  of 
copper,ofperhopel2incliescube,onelmlfofwhkb  is  clear  spar.  Another 
odTantage  in  Ihismauhiue  is  thai  in  urushitig  the  ore,  iu  addition  to  it* 
being  broken  into  small  pieces,  it  is  jmrtly  dinintegrai«d  irrrflpecdTQ 
of  joints  or  faces,  aud  th«  strength  of  the  rock  is  so  deatroycd  that  tbe 
gtampa  do  nearly  twice  tbe  duty  upon  ore  omsbed  by  tliis  machine  as 
npon  ore  "spalled"  by  hand  laboar.  Where  the  stuff  is  cot  stanqwd 
after  leaving  tbe  stone^mabcr,  as  in  some  cases  in  lead  Hud  copper  mines, 
and  where  it  must  in  coosequenoe  be  brought  down  to  a  much  finer 
degree  than  in  the  atsc  of  tin,  two  machines  would  Ix*  undoubtedly  beat. 

An  important  consideration  ia  tbe  p<:jaition  in  which  the  macbioe  is 
placed.  At  one  mine  where  this  crusher  is  naed  and  worked  by  two  meo 
and  a  boy,  tOO  tuna  per  day  ia  passed  tbroutih  and  cnrried  direct  to  lh« 
stamps  below  without  hand  laboar.  In  another  caac  two  bo^s,  paid  9d. 
per  day  cAch,  attended  a  small  hand  machine,  and  tbe  amount  of  yniAl 
dune  was  equal  lo  that  which  bad  previously  ctMt  \)t.  pur  day. 
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Mr.  Campbell  in  his  paper  rcail  before  the  Cornwall  Mining  Institute 
sajB  that — 

Evra  sllotrin^  that  In  eomi^  om*  emujdnshle  attention  vonld  tuire  ta  be  made  to 
pliicc  the  ftono-brvmkcr  as  it  vbouM  W  I'liti^cd  In  btMom^;  n  lalxnir-nriii^t  madiiiw,  ■ 
vtry  ^rcat  econoin;  w-oulil  Htill  be  ■.■(Tm"!^  hy  Ihe  nte  of  xDch  a  t»M.-1iiuv  rir  iiiiu'liiiieB, 
wpedillj  whirrv  tbo  reck  U  lj»rt].  uitl  w  hvrv  Urfro  qumilitlv*  of  or«  liavd  (o  bo  dealt 
*!t1i.  The  followiikg  flj^iws  wov  kindly  *i]p|ilicd  tnt^  by  OaptAiii  Trcgnj,  of  Pedu-Mn- 
drvti  Mines,  ami  allhonsh  the  «tutr  m  (liffprvnt  initio*  vnriM  nn-atl;  in  ItRrdiiew, 
to»sbneM,  qtiaiititj'  to  he  alrult  with.  etc..  tl)«7  will.  1  hapi?.  ^rt  uin«  idna  of  tbe 
cmuomy  offoctml  by  tbc  aubstituticiti  of  tbcM  macbiiim  ovrr  band  labour.  Bcfon 
rakdioft  out  Ihn  liiiitrcs  1  wnuld  riTnind  yon  tlinL  in  inniiy  ouum  the  advMntngca  id 
faroiiruf  tbo  machine  would  be  irrealertlianbcrd  shown,  a«  for  hifUn^c  «h?rc  ihecoit 
of  hft&d  breakinf;  U  greater,  «tc.  The  nut  of  Alli-ntliuii  would  aiwi  be  in  mmbc  uuca 
ni«tbl«M. 

Hxva  LABoriL 
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aid, 

2^.  per  ton  in  favour  nf  macbine. 


Id  tbii  c*M,  wh«n  tbo  coat  of  band  *  i}ioUiiig  "  i*  calculated  at  ntthrr  below  tho 
vmngt  at  many  miriM,  and  a  very  hmvy  cbarfrc  i«  BMiitued  for  the  alt«ratii>iia  of  the 
HoorB.  ihm  in  yet  a  balmicp  "f  m^ri'  than  'iid,  \<(.'t  Ion  in  favour  «f  the  nincbiiiu.  It  !■ 
eajiy  to  cciueciMi  tbat  iiiMler  dUfArtut  circniuitancea  this  faring  might  aniuuiit  to  4d.| 
ud  even  tnoro  per  tua. 
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The  introdnction  of  thin  machine  into  the  Cnminh  mineit  has  leflnened 
the  labour  ccwt  id  a  wonderful  Tnanncr,  and  there  is  no  donht  that  the 
8tani]«  will  do  considerably  more  work  if  tJie  ore  is  Rrst  broken  hy  it. 
Folly  i!t  per  ot-nt.  more  has  boon  done  in  one  or  two  cxperimciite,  where 
instend  nf  Rtamping  3-t  cwt«.  8  qre.  of  tin  ore  per  day  on  u  consamption 
gr  6I-3  lbs.  uf  cuul  per  ton  of  tin  ore.  44  cvrts.  have  been  8tiiinpc<l  on  a 
consumption  of  iH  lbs.  of  c<ml  per  ton. 

STAMPINd 

Is  tJif-  nest  process  throutJ:h  which  the  ore  is  pat  aJler  leaving  the  stone- 
cmsher,  and  is  ftbout  the  same  in  principle  now  as  it  was  in  the  earliest 
historie  dars,  only  improved  and  adopted  on  a  l&rger  scale. 

Thi'it!  lut)  many  {loinu  to  be  taken  into  consideration  to  obtain  gfmd 
dnty  fruin  the  8tAni])ing  manthinery,  and  to  cconomiac  fut-1 ;  and  foremost 
amon^et  the  conditions  which  should  hare  particular  attention  are  the 
followinf;,  viz. : — 

l.-^An  (engine  and  buildinfrs  snfficiently  stronc  and  poverfnl  to 
allow  of  u  hiirli  vxiKtiiaion  of  Hteam.  with  boilers  of  the  best 
amstnidion,  to  work  hi^'li  pri-juiure  sb-am,  and  of  sufllcicnt 
heatiuit  surface  without  forcing  the  Ares. 

2. — The  pnj|)er  hmiling  of  the  Hy-wheel. 

8. — Stamp  heads  and  lifters  of  increased  weight. 

4.— 'To  lay  tlio  bed  of  the  stamps  firmly  on  a  floor,  which  shonld  be 
set  two  and  a  halfiut'lies  below  the  fjrate, 

6.— The  choiw  of  a  suitable  site,  so  that  the  ores  tan  U  pnt  through 
the  different  processes,  by  their  own  gravitatinn,  without  being 
lifted  by  hatul  laUmr. 

The  ordinary  cam  stampf>,  Plate  XXX.,  require  little  or  no  ftirther 
explanation  than  is  given  iu  the  plate-  They  are  arranged  in  boxes  in 
seu  of  fonr,  Fig.  I ,  and  are  moveil  by  nuns  a.  Fig.  S.  The  height  of  the 
lift  is  10^  inches,  and  each  stamp  head  weighs  C^  cwts..  making  sixty 
5dls  a  minute,  and  sUunping  a  ton  of  stuff  in  every  iwenty-fuur  hours. 
This  b  a  very  hIow  ;ii*ot»i«,  but  the  speed  eaunut  be  uscfnlly  iniTeasrd, 
and  much  loss  is  incurrtd  la  the  qnality  as  welt  as  the  quantity  of  the 
wwk  accomplished  for  this  reason. 

Bcfiideg  the  ordinary  common  stamptt  in  use,  there  are  the  poeuniatic 
stamps,  one  of  which  ii  the  patent  of  Husband,  of  Hazle,  by  which  the 
he»lit  an  driveu  by  belts  worked  by  an  independent  engine;  and  one 
patented  by  Hlioll.  of  Munrbestcr,  which  is  dircct-ac-ting,  having  a  steam 
cylinder  fur  each  huul. 
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ffinoe  "cam  stamps"  were  iiitroduceil  300  jt'ars  ago  thisy  aeem,  until 
itlj,  to  have  kejjL  their  pliu.«  in  thu  {xiblic  esteem,  but  latterly  the 
pneumatic  BtamjiR  have  be«n  adopted  at  nomc  minea  with  very  good  results. 
They  are  rcpresent*-d  in  Pliitcs  XXXI.  anil  XXXII.,  «nd  in  tliis  airange- 
mcnt  it  will  be  seen  th»t  the  at&mp  in  attached  Li>  n  piston  a  working  in 
an  air  cylinder  b,  ivliicli  Iiaa  an  up  and  down  mutioii  ini]»arted  t-o  it  by  a 
crank  shall  c.  By  raising  the  cylindvr  the  air  is  compresatd  below  the 
piston,  and  the  atamp  is  jerked  np;  and  when  the  strdko  in  reversed  Uie 
air  which  is  tttmprvssed  iibijvc  tlic  piatnn  drives  the  sr«mp  down  with 
a  force  and  a  velocity  ninch  greater  than  would  be  given  by  tbe  force  of 
|,Tavity  alone.  Thus,  a  stamp  weighing  tl]iv»e  huiulred weigh ta  vnn  be 
made  to  have  a  velocity  nf  !.'*()  blows  per  rainntc  and  a  atroke  cf  1.1 
inches,  wliiEe  the  crank  only  has  a  stroke  of  lU  inches.  Hiuall  holen,  dd, 
are  plaiy;d  round  tlic  a-ntrc  of  the  cylinder,  m  tliat  the  ends  aV  the 
cylinder  may  be  filled  at  each  stroke  with  nir  at  the  ordinary  prcaimre. 
Water  I'njm  the  ptix-s,  c  e,  is  made  u>  flow  coutinuonaly  tfiroiigh  the  pislun 
rod,  which  in  hollow,  to  prevent  the  heating  <j1'  the  cylinder  by  the  com- 
pression of  the  air.  This  water  escapes  through  umall  holea,  //,  at  the 
botcorn,  above  the  stamp  head,  and  forms  a  poi-tirm  of  the  supply  of  water 
required  i^ir  stumping.  Tha  remainder  of  the  waCvr  supply  passcn  in  a 
circular  ivt,ffff,  nndrr  wvrral  feet  of  prcHsiire,  upon  tin;  ontHidc  of  the  piston 
rod, a«  shown  in  Fig.  i.  Plate  XXXII.  A  lever.A.Fig.K.Plat^  XXXII., 
attached  to  the  Htainp  head  by  meitns  of  a  screw,  is  guided  by  tw<i  vertical 
bare,  it,  which  permits  the  attendant  to  tnm  the  stamp  end  round  in 
any  way  that  may  be  required  to  equalize  the  wear.  These  stamps  arc 
placed  tugi'tlier  in  pam,  and  stamp  alwut  10  tuns  ])cr  heaii  |ier  day, 
or  about  t«n  times  lU  much  as  the  old  cam  .itampa,  with  a  diminished 
expenditure  of  fuel  per  ton.  The  slime  i^anBes  away  tVytti  the  stHnips  in 
much  the  name  niauiicr  tm  in  the  old  proccse.  Fig.  '2,  Plal'U  XXX,  over 
a  floor,  placed  at  an  inclination  of  about  1  in  12,  into  wooden  troughs 
abuDt  2b  feet  long,  1^  inches  deep,  nnd  18  inches  wide,  at  light  angles 
to  the  row  of  stairipB.  where  it  is  deposited  according  to  its  Bpeciflo 
gravity  int-t  pits.  The  very  lightest  particles  paM,  and  are  collected  for 
farther  treatment. 

At  Wheal  Vor  they  have  stamped  15  cwte.  |.»er  hour  of  the  hnrdest 
rock  in  the  county,  with  a  consumption  of  about  GO  lbs.  of  coal  per  t^m, 
and  with  three  heads  have  stamped  20  tons  per  diem  of  10  hours,  on  an 
avn^e  Lfingutnption  of  Sfi  lbs.  of  coal  [icr  ton.  At  Park  Mines  there  are 
six  heads  of  those  Btsimps  at  work,  which  have  stamped  .'I  t<jn8  per  head 
l>c.T  diem,  with  a  LVUKiimptiun  of  only  40  lb*.,  as  ayiiiuat  the  ordinary 
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■tamp  averaga  of  about  I  ton  of  cods  per  ton  stAmpftd,  while  leas  wal«r 
is  rcqnired.  One  of  the  principal  objcctione  to  these  itamps  was,  that 
being;  driven  with  a  crank  there  waa  difRcnlty  in  obtaininff  a  rcgnlar  feed 
and  blow  ;  but  tbiK  has  l>evn  overcome,  and  it  ia  aaid  Umt  these  stawjis 
now  focd  as  rfgiilnrly  aa  any  other.  Kxpericnce  has  shown  that  the 
increased  quantit}-  stiiniped  is  in  proportion  to  the  increased  gize  of  the 
hiMid,  which  is  an  ittiportaiit  fact,  because  the  wear  and  tear  is  olmoat  in 
proportion  to  the  number  of  crlinders. 

The  pneumatic  stamps,  to  do  the  work  of  about  70  ordinary  cam 
Btampa  can  be  erected  with  engine,  but  without  boiler,  for  about  £1,500 ; 
whereaa  61  hend^,  on  the  old  onliriary  principle,  witit  all  raodem 
Improvements  and  advantafroa,  coat  al>nnt  £4,000.  This  ahovs  a  henvj 
margin  in  the  Brst  cost  in  favoar  of  the  pneumatic  plan. 

The  common  stam^ts.  however,  arc  by  no  meana  discarded,  and  are 
still  largely  ttscd,  and  if  coustnictt^d  with  due  regard  to  modem  prindplei 
and  siLiiution,  will  accomplish  their  work  iu  a  most  elUcicnt  manner. 

In  considering  ^e  erection  of  the  plant  the  snpply  of  water  ationld 
not  bo  nrerlnnke*!,  for  tt  is  very  seldom  that  sufficient  water  is  to  bo 
obtained  at  the  surface  fur  dressing  tbe  ores,  and  consequently  proTisioa 
has  to  be  made  for  xtoring  and  nsing  it  acverul  times  over.  The  quantity 
of  water  required  for  stamping  is  about  800  gallons  per  minute  for  80 
heads,  doing  an  average  of  about  70  tons  per  diem.  It  has  been  stated 
that  from  50  to  60  tons  of  tin  escapes  tVnm  the  dressing  floors  of  about 
seven  mines  into  the  "  red"  river  per  month,  where  every  pound  cf  tin 
is  washed  in  alwui  500  gallons  of  water  before  it  is  rendered  fit  for  the 
smelter;  and  this  assertion  is  more  than  probable  when  it  is  considfitwi 
how  many  people  get  their  living  bj  selling  the  tin  which  they  obtain 
from  the  river.  Their  occupation  is  called  "  tin  slroaming/'  and  thoy 
are  generally  known  as  "  squatters." 

One  horee-power  is  required  to  drive  an  ordinary  stamp  head,  but  the 
heavier  Hfltir  and  head  require  about  I'S  horsc*power  per  head. 

The  cost  of  stamping  with  ordinary  stamjx  faixiurably  situated  aad 
erected  on  the  improved  principle  ts  aa  follova: — 


WMraadtar 
Colli  (at  17s.  pdr  ton) 


H 


Ftnt  cmt,  witit  S  per  eeiit.  [Btcntt 


Itiis  is  exclusive  ufgraiu  phites  and  smiths'  charges. 


L    0  pvr  too  c<  or*. 
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Mr.  J.  Hocking,  hi  liia  pajwr  read  at  Cmnbome  in  1S7W.  give*  the 
following  comjittmLive  Btati'ment  «f  rcsulla  obtiiined  from  Btntnpa  of  the 
ordinary  dojicription,  on  the  old  system  and  on  tlie  uew  principlo,  at,  West 
BaSHL-U  Mine: — 

Till--  iiM  ilanipn,  wliir.li  inaj  bu  titVun  u  s  fnir  luinpli*  of  »  KT«st  maiiy  ill  till*  dil- 
trict,  n'ere  erccrcd  Bbout  fi&  yean  o^o.  L^ltl  out  witbiwt  &ny  original  plan,  tbow 
■tftmpt  woTo  *root*dat  dlfferunt  liiiiun.  To  tbe  eii^HKe,  which  Uvii««f  30  lacli  cylinder, 
9-foot  tltokv,  doable -acting^,  »VTt  attaclied  iSvo  K>ili>a  of  Nitc^D  li^uli  cncb.  mitViii^  n. 
total  of  ci)flil}  keud»;  k  ISini-li  p]iin}rD  lift,  ^-fuut  ■trulcc.  fur  liftinif  tLo  wsnte  wkC^st 
to  b«  OMd  over  tigtiu,  puiapiu^  ubont  800  g«noii>  \wr  uitnuU-  ten  fothnmi  high ;  & 
hu^Q  dipper  whwl  for  lifting  the  stumped  on.'  froui  the  pit  in  which  the  Btaniix  arc 
plAfcd  U>  fill'  I(<vpI  of  tti«i  drofning  Ilii<>i<;  and  an  iiicliiifi  for  drawing  the  tin  ituIT  to 
ruppl^  the  it«ap«. 

Ttw  aew  stamp*  were  plaoucd  srwl  dcxigned  from  the  catwt  lo  »■  (ii  redaoe  the  coit 
oC  both  stMnpiiig  &nd  drcMiiig  to  the  lo>r«tt  miiiimam  point;  to  tho  vnginc,  wbieh  it  • 
doabl»«etii)g  duo  of  40-incb  cylindur,  9-foot  itrolco.  urc  uLtucticd  four  kx1«i  of  lixtMii 
beada  eaoli — total,  ■iiLjr-fuur  heudi ;  and  dnrtntf  llio  time  lli«t  thu  mtilU  1  nm  abotit 
to  spMlc  ol  wen  obuined  comtituUd  the  ta\c  load  of  the  cngfne.  Then  was  a  full 
tnppljr  o<f  Rurfaoe  wat«r,  U^'Ui  for  condenaing  and  dr^uing  piirpa««. 

CoHPAUTirB  Rbsflts  of  Wbbt  B^Bsnr  Staufiho  EiraisBa  for  Wxbr 
•ESDtso  26tii  FuBBVAur,  1S77. 


Average  nnuibcr  of  rovolatioas  per  ninate,  iDoliiding 

■toppugM       

I^iod  psr  ■4uare  iiii:h  on  p'lHtoii  in  lh4.    ..  ... 

Cotuuniptjoo  of  cool,  iaclniling  immpitig  water,  etc  ... 

Do.  Rtampiitg  unljr       

Duty  

Quontltj  of  tlnilonc  stamped 

Coal  per  tin  of  thwtnfic  itiiiapcd 

Qoactitjr  rtatnpod  per  luiod  per  day  (after  oUnwiug  for 

•toppatrcx) 

Averoi^  weight  of  ht-ml  nnd  lifter 

Total  luud  iu  foot  Ihs. 


KMrlO-liMh 

Kuctnc. 

11-5 

Vf7 

20^ 

9^1 

ToiM.  UvU. 
Z2      3 

17  twnii 

44iiiilli0iu 

Cti'3  inilltoni 

457  tone 

621  toin 

100  1b^ 

61-3  Lha. 

Cwli.  qnL  n*. 

CwU.  in  lb*. 

19    S  13 

34     3     0 

(3Kf>  Ih*. 

H77  lh». 

262,530 

210.460 

The  Tolne  of  a  good  oitc  for  drcMing  pnrpoMt  c&iiiuit  bo  lictter  ilUiitraUd  than  bj 
reference  to  the  following  flgarvo,  which  will  ahow  tli«  MTing  that  am  be  efFoctwl  h; 
firtt-oIoM  niochlnfTf.  I  HtmiiLiI  mcniinn  that  Lhf>  old  itampt  are  on  a  comiiamtivelf  flat 
|4«0«  n^  ifTutuid,  while  llic  new  uru  on  tho  Jtiilo  of  a  hill. 
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Co«-  OF  S-uHPiKO  Tnnrojii 

ji5T>  nicnaixa  tr  tvto  Vi'wm. 

Old  StjUM. 

Nbw  Stamm. 

1 

Ho.  of  toiu  (tamped 

...  1.600 

Xo.  of  toni  ttamptd 

.    f.W« 

<    & 

1 

£      *.    A 

Lkbonr  CMt 

..  1*6  U 

8 

lAboiir     coat     ftt 

Enffineinan 

.,9    7 

6 

pmcnt...           £48    4  10 

Coftl*,  lOa  tons 

..     91   10 

0 

Wli«a  i:»ni|J«4e      .    tS    0    0 

Oil.  6  galliiDi  ])er  week 

.4     4 

0 

so    4  10 

Ur«a*«            

1   10 

0 

Kiit;i<i<™i^'i 

9    0    0 

Smith*'  work 

..    10    0 

0 

CWLCG  toniKt  l7i. 

56     2    0 

SiiiMli-ieti— Ilamp,  ete. 

2    0 

0 

Oil      

2  16    0 

EoginocT'.  ulc 

..        1   It) 

0 

UrMM            

1   10    0 

CMri>«ut«r,  Mul  Timber    for 

Wvar  aiid  tear 

£5    0    0 

ropftin       

.30 

0 

Onite«             

1  10    D 

Wtrar  wkI  tttr,  per  inouth  . 

..    U    0 

0 

Smith'a  Work          

S    0    0 

UralM 

1  10 

0 

iJuuilriM— Hemp,  ate 

Kngincrr*.  «t« 

Can>ot«n     

TrmintngftndHUinff  3,400  tOtM 

ftt4R       ...        

W'<<t.r  aid  tMT  of  vaggon  ... 
Sxtn  repentJiiir  wtt«r 

£ 

10    0 

1  10    0 

2  0    0 

47  10    0 

6    0    0 

10    0    0 

£273    0 

1 

229    S  10 

8*.  l,-*7d.  per  ton.  !»•  H'lJ-  PW  ton. 

The  btnlcni  for  the  itt w  tlAinpo  &rc  bnllt  oa  the  principle  nry  comonon  in  tlto  Nortli ; 
tlwT  an  iliv  iimil  CuniUli  tubiiUr  coiiatruvliuti,  with  what  nrc  known  u  "  CMIona^'i" 
cone  tnhM  intrndnccd  into  tlar  tubr*.  Tb^io  not  ouljr  gWo  grc«tl;  tnerrucd  ainmgtb 
hut  iciio  liint«>etl  limtiiiR  mirfaoc.  mid  I  wo  perfootly  mUdA^vI  that  ibcjr  tmA  to 
tctiaamj  nf  fnrl  in  tint  gonmCinn  of  *lMun.  Tltree  jttn  tiiKx-  «c  kpplifd  tbeac  oorw 
ttibei  to  WQ  tit  two  bol1«n  Ktlochi^  to  nil  engine  with  a  ftxed  load,  at  ■  ctwt  of  flfi, 
reaulting  in  a  invintt  of  1 1  ewt.  <if  cuvl  per  •In;,  abimt  8  jurr  cent,  on  the  total  con* 
lumptluD.     M'c  are  enali1«(]  to  work  atcam  al  a  precture  of  00  lb«.  to  the  f^nar*  inch. 


PULVKHIZIN". 

Wliera  Llie  ore  U  retttiirvd  to  be  rvducLtl  U>  a  finer  d<-|i:ree  after  leaTinf 
the  Btamps,  it  is  taken  u>  the  piilrcrizer,  of  which  Uivre  are  dlSbrent 
Tvielies ;  mBay  min««  ase  one  which  is  r  modificniJon  of  **  Stephen^ 
patent,"  while  othpra  ttf^in  uw  "  Dinfro/s  patent,"  and  u  tihii  pohcriBBr 
bia  gJTcD  Buch  sviieml  satisfavtiun,  a  deffcrlptioo  vf  tt  ie  giren. 

Plate  XXXIll.  is  an  illnsimtiiiii  nf '*  Dhifrt-y's  Patent  Pnlverifer*"  for 
f^iiidiiig  tin  "rougtifl,"  lead  "  skimping,"  and  other  ares  re(|iiinng  to  be 
ground  Ui  It  ver;  fine  decree,  auch  twea  having  been  previotisljr  itaraped  or 
cniabeU  BulTicii'iitijF  fiuv  tu  pnu  through  a  liere  aix  hukfi  tt>  the  lucli.     It 
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roneistsof  a  shallow  tfasin  a,  vfG  fuel  iiitiriiiBl  diatiK-tor.  Imring  vfiti'-al  slides 
fitted  will)  a  serifis  nf  grntt-s  b,  through  vchieh  the  piilvci'igcd  material 
ii  delivered.  Fonr  annulnr  griodinj;  diacs  or  runners  (ff)  2^  feet 
diameter,  aud  geared  together,  rcrnlve  ii|)on  the  hott^^m  of  the  pnn  at  a 
high  9]iccd  of  200  rorotatiuns  per  mintite  ;  nnd  the  pnn  itwlfis  made  to 
reroWc  hIowIj,  at  about  fonr  or  fivt  rrvolntimis  per  minttt'C  by  ihc  whpcl  rf. 
so  as  to  avoid  btiv  tendency  to  we&riiijf  in  groo^"e«.  The  wearing  wirface 
•<i'  the  bttttum  of  l?ie  pan  is  a  ftrrjiiu'iiti'  cnst  inm  plitte  f.  with  a  ntiinlxT  of 
holes  in  it  f,  forming:  ahallow  reccaws  in  whieh  the  stuff  to  be  pulverised  in 
retained  whitet  tho  gjtudin^^  runners  act  apon  it.  The  stnff  mixed  tnth  a 
stream  of  water  IE  supplied  by  a  launder  9.  into  aecutrni  aimulur  troiijth  ft, 
from  wliich  it  is  cli-livered  hy  apouta  m'.  iiiLtp  tlu'  lu-ntre  at'  mi-h  of  the 
grinding  mnnent ;  and  having  been  gronm]  by  fouwing  nndia-  tlw  ninncm, 
it  C8ca)>eit  with  the  water  through  the  grates  in  the  sidee  of  the  poii  into 
tlie  eitemal  trough  *,  wIipiipc  it  is  conveyed  direct  lo  the  huddles. 

The  fthoca  of  the  grinding  nmnera,  n»  well  u«  ihe  bottiim  of  the  pan, 
are  made  separate,  ut'  cjistnigs  1^  inch  thick,  bd  m  to  be  rendily  replaced 
when  required.  The  ajiacc  hclH-ecn  the  grindiuj^  faces  of  the  shoi-a  and 
bottom  of  the  pan  \&  adjusted  by  hnnd-regulating  errewB  and  levers, 
«apporting  the  nmner-spindles.  The  total  weight  of  the  machine  ia 
about  four'and-a-halE'  tons,  and  can  be  made  in  lighter  [larte  fur  u^kfiorta- 
rion.  The  mw  of  wear  and  tear  in  destroying  the  grinding  plates  ia 
aboDt  £2  per  month  per  machine,  and  the  quantity  of  tin  leavings  or 
"roughs"  etc.,  which  it  will  grind  in  llita  time  is  about  270  tons,  bnt 
this  raries  according  to  ilie  ctaas  of  ore  treated.  This  in  less  (hnn  n 
(|uarter-p«rt  »(  the  wear  and  tear  iu  stamps  doing  a  similai'  portion  ol" 
work ;  and  KtufT  cuntaiuing  ever  so  small  a  perttuitage  of  ore  can  be 
treated  by  thia  machine  at  a  pmfit.  which  by  the  oi-dinory  process  would 
not  pay. 

The  reverse  motion  of  the  pan  keepa  tho  grinding  Riirfat^  iwrfectly 
tme  and  free  from  grooves,  which  is  a  great  advantage,  and  the  stuff 
treated  is  bmught  to  such  a  fine  and  uniform  size  that  every  particlt:  of 
miuund  i.s  ensily  extrnuted;  with  a  t-oneumption  of  0  cwt*!.  of  coal  per  day 
It  has  done  the  work  of  at  least  tliirtj-two  head  of  stamps. 

At  Wheal  Jane  Mine  the  machine  piilveri?A'd  iji  twelve  hours  82  tons 
■if  tin  "  roughs"  auBicieutly  U>  puits  thn^ugh  a  gruti'  uC  2$()  holes  to  the 
■qnare  inch,  and  m  comparing  the  duty  {>f  the  machine  with  thestampN 
at  this  mini.^  it  wan  found  to  do  the  work  of  thirty  bead  of  Btmnps  batis- 
faeUirily ;  in  anutliL-r  iuatance  it  was  found  by  experiment  to  do  75  per 
cent,  more  fluty  than  utamps  would  do  for  the  same  iituouut  of  power 
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ei]»eiideH  on  it.  Thrre  of  theae  machines  are  at  work  at  Frank  MtlU 
Mine,  in  Devon,  treating  th«  lead  leavings  ("  riftlrauB";,  and  anawor  well. 
The  ooet  or  tJii»  machine  is  £140. 


.MdOIN'O. 

This  proceae  haa  been  tried  for  tin  drcssiiig  lately  and  with  very  grati- 
fying rcsnJu,  although  in  many  of  the  mine«  the  tin  is  Tound  w  closely 
anuilr.'»tiinted  wlili  other  minerals  of  nearly  the  same  sjiccific  gravity  that 
the  n|)crati()n  is  lUtcntlod  with  ditHcuttics;  when  tin  ore  is  in  this  oondi- 
tion  huddling,  and  not  jigging,  is  the  neit  process  throngh  which  it  is  put, 
t'DDRequently  the  following  remarks  under  this  head  will  apply  mora 
CKpeciuIly  to  lead  and  copper. 

Tticrc  can  be  no  doubt  of  th«  suuoess  of  jif^ng  when  applied  to  lead 
and  riippcr  ores.  Jigging  is  a  protfiss  by  wbit-h  the  separation  of  tlie 
QUQcml  from  the  waste  is  efftcH-d  by  pnnsiug  each  particle  of  stnff  to  be 
ciispeuduii  in  water  for  a  time,  and  in  tailing  allowiiig  them  to  arrange 
thf-maelres  aooording  to  thiir  Bpt-cillc  gravity.  The  stitlT  icsting  on  a 
sieve  is  forced  upwards  by  the  motion  of  a  plunger  acting  on  the  wator 
nudemeath. 

A  thorough  clasaificittion  of  the  stuff  is  necessary  befora  it  goea  Into 
the  jiggei*.  a"  without  this  nn  (.t>nip]«t«  Neparation  of  the  metal  can  b^ 
obtained,  and  it  is  therefore  nct-casary  that  the  particles  to  bo  jigged  shoold 
be  as  nearly  as  posnihlc  of  the  same  size. 

The  proportion  iKtween  the  uiaxiuiimi  and  minimum  size  of  thcstolf  j 
to  be  operated  on  should  be  according  to  the  Bpcci6c  granty  of  the  minenls 
oQOtained  in  it. 

Uiaulao  very  dewrable  to  hare  clcim  water  for  jigging,  and  where 
Tery  fine  stuff*  has  to  be  dealt  with  it   becomes  absolutely  nrffsiirj.  i 
beoiuae  u-at«r  containing  slime  will  tend  to  clog  the  imrticles  together. 

There  are  niimcrons  kinds  of  machines  in  me,  but  the  writer  will  con- 
fine hiniM-'ir  to  a  couple  of  those,  which  he  hss  seen  at  work,  viz.,  th«? 
"  West  tiiirertoii,"  and  "Collom's  patent."     It  would  Iw  us  nxll  to  stats. 
]uTv  that  the  old  break  sieve  or  hand  jiggrr  is  still  in  exietieivc  use  al< 
many  of  the  copper  mines  iu  the  county,  bat  it  mnst  eventually  girt  place 
to  the  ooatinuous  working  jiggers.      The  "  West  Chivert<m  "  is  a  capital 
nincliine,  and  at  West  Chiverton  mine  there  are  h  great  many  of  thpm 
(focted  :  the  arrangement  of  the  machines  at  this  mine  Is  both  efBcJent 
and  sim])le  :  after  leaving  the  crasher,  the  lead  stull'  \mafins  throogh  three 
rrrolring  Rtcvrx  of  ten,  fourteen,  and  twenty  holes  to  tlic  square  inch  ro-, 
flpt'ctivcly,  dividing  it  into  (onr  different  h\u.%,  endi  of  which  ii  carried 
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thnmgh  laiindcrs  to  »  sspnrate  p^gt.  In  tin's  cow,  Trom  tlm  time  tlie 
staff  fs  put  inU)  the  «niHher  until  Ipiiving  the  jigger  it  in  lu-t  touched  by 
lianil,  bol.  is  ull  ytrc-par(:d  aDtoniiili(»l)T;  the  mixture  of  load  and  hK-nd  is 
sepiirated  hian  with  thv  gretm-nt  of  imnc,  Tiir  machine  works  with  140 
strokM  ppr  minute,  varj'ing  in  length  from  1  to  1  i  inches.  The  Bicvea  are 
eel  in  with  a  fleet  of  X  inch.  The  firice  of  this  machine  is  alKmt  £S5,  and 
fit  this  luino  1  ,(i(iO  tons  of  lead  etitlT  have  Ix'cn  cnmhed.  »xe<l.  jigged,  amd 
washed  for  £50  per  month.  Platts  SXXIV.  and  XXXV.  rcprcscnl 
Oollono'B  Patent  Jigger,  or  nither  a  pair  of  them,  wfiich  have  l^een  in 
uw  ia  Comn'all  now  for  many  years.  The  motion  is  produced  hy  two 
pistoitK  a  a,  which  wurb  up  iind  duwn  in  square  tankii,  with  a  stnikc 
varyiii}.'  from  ^  an  inch  to  1  inch,  the  coarscHt  ore  retjnirin^  the 
longest  stroke.  A  lever  b  strikes  the  pietons  uUcrnut<:ly,  opiral  springs 
bringing  them  hack  to  dieir  6rst  position  against  the  stops  re,  which  can 
be  udjtist«d  to  vary  the  stroke.  \  iTuik  running  at  abunt  120  revolu- 
tions a  minute  ncttmtes  the  striking  lever.  A  pair  of  conical  reservoirs 
'id,BTC  plticed  under  and  at  eai!h  Hide  'rif  the  pintuna,  each  with  a  fine 
dieve  of  bra-w  wire  on  the  top,  on  which  in  spread  a  iKHlrliiig  of  ^  of  nn 
iuch  of  ooarBc  ort.  The  muivriiii  to  iw  operated  en  is  mixed  with  wiitcr 
and  supplied  Ui  the  machine  by  means  cjf  Uie  launder  e.  The  pipe  / 
constantly  supplies  water  to  the  rescnroirs;  this  water  escapes  at  y,  canying 
with  it  the  light  particles.  The  motion  of  the  ploti^rtn  drives  the  water 
up  through  the  sieves,  the  lighter  jiarticlea  of  sliinc  resting  on  them 
are  therefore  raised  up  and  carried  aw&y  by  the  flowing  water,  whilst  the 
richer  Rtntl'  falls  iloivn  mto  the  reservoirs  below,  whence  it  passes  oH' 
IhrcHigh  a  hole  at  the  liottom.  To  carry  away  wny  ntulT  that  may  k'.  ton 
light  to  fall  through  the  sieTC,  and  yet  be  too  heavy  to  he  carried  away  by 
the  water,  a  socalled  "  ragging  gear"  Ais  provided,  which  cynsi8t»of  a  row 
of  holes,  tlie  njieuing  tlimiigh  which  is  regulated  by  plugs.  The  particles 
of  ore  that  pasa  thriiugh  this  gear  go  into  a  distinct  compartment  of  the 
reservoir  i.  A  second  machine  k,  in  all  respects  like  the  one  deacriljed, 
i-eceives  the  water  from  the  first,  and  works  it  over  again. 

Twenty-two  Uyas  ut  ore  can  lie  turned  ovtir  by  this  macliiuc  per 
day  of  ten  hours,  which  is  equal  to  eleven  oTdinaiy  hand  jiggers.  A  fleet 
is  generally  given  to  the  aieve  of  ^  inch  in  the  3  feut.  The  cost  of  tbo 
machine  is  £80. 

The  cost  of  jigging  copier  witli  the  old  hand  tnachine  is  abont  ft^^d. 
per  ton.  including  wear  and  tear  :  the  cisL  with  Collom's  muchinc  is  Id. 
\ioT  ton.  Another  advantage  in  favour  of  the  use  of  this  machine  i«  that 
whilst,  the  average  produce  from  the  hutches  iif  Ci'llom's  givpii  i)  jier  nnnt.. 
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the  uru  fr>in  die  hand  jiggur  only  aTftragMi  5  per  cent.  There  is  aUo  a 
smMIcr  Bmoiiiit  ol"  wiiMi?.  by  use  of  the  former.  The  spiml  )q>ribg»  for 
ninking  the  rfttnni  strrvke  of  the  plunger  form  rather  a  w«ak  part  in  ifai* 
nwchiRe^  m  they  h»ve  Ui  ^te  renewed  three  or  fnnr  times  h  memth. 

The  jfien  thiit  jigging  is  «iilj  ap]ilicaWf  to  nmgh  Bhiff  in  n..>t  correot, 
an  tJiere  an  mochiiit-g  now  made  pnrpowljr  odaiitcd  foi-  xvry  Kne  w<irk. 
and  when?  the  stuff  hafi  only  contained  3  ]»er  oeiiU  of  lead  or  Wend  it  ha* 
been  wiirlcfd  ui  a  profit. 

The  nveragtf  (jnautily  of  copper  jigged  per  day  of  t«n  honre  with  the 
hiind  meve  iiiait^hine  is  twu  luiw.  ThoTc  are  many  cdridition*  to  be  olv 
ncn-ed  ill  order  t^»  make  jigging  nucceairfiil.  The  Iwdiling  material  which 
is  lell  en  tlie  sieve  »b«juld  be  about  three  tiniea  the  sixe  of  the  sieve  mcBhcs, 
aii<l  the  richer  the  slulV  which  is  in  be  paaned  throngh  the  leas  betiding 
will  be  refjuiait*-,  nnd  the  finer  the  stnff  the  greater  number  and  le«  IcngtJi 
of  plunger  Btwke  is  required.  It  is  desirable  (o  give  the  piuttger  a 
greater  velocity  in  the  down  stroke  than  in  the  up  stroke. 

As  Ui  whether  jigging  will  be  more  economtc&l  for  tin  drcBBing  than 
lioddling  w  h  (]nc«iinn  yet  U>  Iw  solved,  but  it  seems  clear  that  much  of 
the  ttu  which  eootpes  to  the  "  red  "  river  might  be  sived  if  jigging  dire«;t 
ft\>ni  the  8tam]m  could  supei'scdc  the  oft  •repeated  operatioD  of  huddling. 
''igiSiofr  by  mechanical  means  has  oortainly  been  siicoenftil  wherever  it 
ban  been  tried,  and  comeqnentlj  ought  to  hare  the  aerioiu  attcntioa  of 
all  interested  in  tin  nnd  lend  minet. 


BUDDLINU. 

After  leKTiug  the  chiesiHent,  or,  in  other  caaea,  the  jigger,  the  stulT  n 
tmited  and  w»i«hed  in  a  variety  of  wayn,  Romciin»e8  it  is  depoaited  ialn 
l(>ng  strips  but  generally  into  bud<Ue»,  the  two  kindri  usually  adopted  arfr 
Rorlann'K  fwtent  and  the  Convei.  but  the  former  has  Rtill  the  preference, 
although  there  hiut  k-en  great  improToment  in  the  Convex  bttddlc  innce 
ita  iutrodnvtiun.  Fur  iustauoe,  it  has  been  much  enlarged, eBpecially  at 
the  head,  which  wait  at  Hrei  a  mere  cone,  now  it  is  from  two  feet  ten 
inches  to  twelve  feet  diameter ;  six  feet  baa  been  found  to  be  the  bead ' 
dieuoce  to  allow  Irnm  the  heud  to  the  tail  of  the  buddle.  It  is  usual  for 
the  slime  tin  tu  be  lodged  in  larger  pita  after  leaving  tlie  stamps  prcTioua 
to  framing  or  huddling. 

The  convex  or  centre-head,  Plate  XiXVI,.  Hg.  2,  is  usoally  the  lint 
one  used.  Itoonsista  of  a  circular  pit  about  S4  feot  diameter  and  18  inchea 
deep  at  the  edge:  the  centre  portion  is  raised  as  at  tt,  and  the  &<mjt  fidla 
fpqn  it  oninnnlK  towunU  thr  riTvamfcrence  at  a  fleet  of  about'  I  in  SO  Inr 
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u  Ifiiyth  of  7  feet.  Thf  sliiiit!,  well  mixed  with  water,  js  delivered  on  to  the 
oentTCof  the  huddle  hy  ii  ImitukT  4. and  its  clislnljiited  upon  the  rniscn]  {mrt  by 
inejinx  of  a  niiinbernf  spout*  re.  which  uprc-ad  the  liquid  (rtream  uniformly. 
The  slime  niid  wuUt  in  thvir  )nu!«B<fL'  duwii  llio  slope  <;raduall_v  deposit  the 
pure  ore, ■whi(-h  la  tho  !navi<«i, and  tulia  nLnrtat  the  ccntiv.  In.  order  that 
the  Blime  tnny  spread  itself  uniformly  over  the  floor,  and  not  form  little 
iJiannelfi  or  giittcrB,revciIving  ai'oiarfj,  provided  withbrixBhea**?,  continually 
sweep  over  it,  and  keep  it  to  an  even  surface  thruu^dioui.  These  hrualiee 
niftlie  ahont  six  revolntiunp  per  miniitfi.  As  the  deposit  acciinnilates  in 
the  huddle,  the  sweeps  are  suoceasivcly  raised  to  a  <x>m!6ponding  extent ; 
and  the  wiiUtr  is  made  to  How  away  m  a  higher  level  by  ntopping  tip  the 
tovvtr  h«lc«  iu  the  o:»ndiiit,  whiith  lakes  the  waste  water  from  the  pit,  and 
the  process  is  continned  until  the  space  between  the  centre  and  the 
uircumfcrenuc  is  filled  np,  or  for  abont  ten  hours.  The  fyntcnte  are  then 
divided  into  head,  middle,  and  tail;  the  head,  1>oing  nearest  the  centre, 
contains  about  70  per  cent,  of  ore,  the  middle  20,  and  the  rest  only  a 
trace. 

The  IiciicIb  nf  the  huddles  are  then  passed  together  with  water  to  the 
(■oncRve  bu(Uile(  Plate  XX_XVI.,  Fig  1.)  Here  the  stuff  ia  conveyed  direct 
to  the  circumference  Uy  the  spoute,  and  giwlnally  Rows  towards  the  centre, 
where  the  overflow  tif  the  water  ia  regulated  by  thv  holes  a.  The  ure  is 
here  dep^isited  in  the  greatest  abutidaiioe  round  the  outside, 

Plate  XXXVII.,  Figs.  1.  i,  and  8.  show  on  improved  concave  baddio 
-.Cilled  HurliisoH  bmUUe,  The  ditference  hetwecn  this  and  the  ordinary 
ooncave  huddle  eonaists  chiefly  in  the  adHition  of  an  agitator  a,  wliich 
mixes  the  slime  Wiore  it  nius  down  the  launder  b,  and  the  application  of 
a  ring  r,  which  is  made  to  rise  and  fait  as  the  lead  i»  deposJti'd  by  means 
of  the  rod  J,  the  lever  e,  and  the  screw/,  and  the  overflow  of  the  water  is 
thus  regulated,  witJimit  the  tronble  of  hsTing  t<j  atop  the  macbLue  to 
cloK  the  holes,  as  in  the  ordinary  btiddle. 

Clean  water  is  a  great  (idvantiige  again  in  this  operation,  and  it  ia 
equally  important  that  the  man  in  charge  should  keep  up  a  regular  flow, 
otherwise  rnucli  mineral  will  be  washed  away. 

The  mineral  sticks  wherever  it  toiiches  in  the  large  head  bnddlea, 
while  in  the  small  ones,  with  a  large  flow  of  water,  the  mineral  has  no 
chance  of  adhering  tu  the  bottom.  In  the  Borlose  buddic  it  is  distributed 
BO  tliinly  that  it  sticks  just  in  the  same  way  aa  may  be  noticed  in  a 
vanning  shovel. 

In  the  SL  Ani^tell  districL  the  writer  has  seen  tin  treated  in  amall 
hiiddlen  whiiih  had  no  head  at  alt,  generally  known  RaA[ii^»t  hnddlea,  they 
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are  inexpenslTe  nnd  xetj  simple,  md  a  flr^or  might  be  laid  out  with  tb«in 
for  about  onp-tUird  of  the  ooBt  of  utiier  butldltjs.  For  some  class  of  work 
no  doabt  the  spont  buddies  aro  cqaallv  of  good  as  the  others  for  the  nme 
reason  that  long  strip*  arc  preferable  to  the  bnddlc.  It  is  therefore 
important  in  taking  ont  works  to  well  nndcrstaDd  the  class  of  vork  to  U< 
dealt  with. 

The  avcnig^)  yield  of  tin  stnff  in  this  district  is  nbont  twenty-ciglit 
pounds  of  tin  (o  the  ton,  and  in  the  dressing  of  stnfT  yielding  this  per- 
oentage  there  i»  n  Uks  of  about  one-eighth. 

The  tailings  of  the  baddies  generally  prodoce  ftom  two  to 
potinrls  per  ton  on  arerage  work. 

The  Fnu  Vanuer  was  tried  at  Wert  9eaton  mine  and  did  \t&  work' 
very  well,  but  wm  too  expensive  in  its  working  for  Cornish  om.    It 
raigbl  do  very  well  for  silrer  and  gold. 


TOSSING  AND  PACKINO  MACHINK. 
Vigt.  3  and  4,  Plate  XXWl.,  show  u  very  efficient  and  simple 
ftrrangement,  oombim-d  bolli  for  toaaing  and  packing.  The  machinery 
tor  this  is  often  much  more  complicated.  After  the  alime  bos  been 
buddled  three  or  four  times  it  utidcigocs  the  further  procvss  of  "  toosiog:** 
mixed  with  about  er^ual  parts  of  water  it  is  put  into  a  tnb  a,  and 
agitated  riolently  by  means  of  a  rotating  shorel  or  disc  b,  which  ia 
raised  as  the  tub  becomes  fall  of  lead.  This  keeps  the  lighter  particle* 
freely  suspended,  and  whilst  thus  in  Buspension  Uie  staff  is  "packed** 
by  the  repented  blows  of  an  iron  bar  c,  which  strikes  the  side  of  the  tub 
abotit  100  times  a  minute.  The  heavy  particles  arc  then  caused  tu 
deposit  on  the  bottom,  and  become  cloBely  *'  packed"  together. 
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PROCEEDINGS. 


OBXEKAL  MEETING.  SATURDAY.  MAY  Uth,  1881,  IS  THE  LECTUKH 

ROOM  OP  THE  LETERAUY  AND  PHILOSOPHICAL  SOCIETY. 

KK  WCASTLEU  PON-TVNE. 


U.  C.  tiREENWRLU  Kf>Q^  Pbbsidi!<t,  m  tub  Ciuim. 


1^  Seobetabt  Tvaii  LtiH  luiuutcR  of  the  \tul  m««tiiig,  aud  refc^rleti 
the  proocediugB  of  the  Council. 

The  folluwin^  gentlemen  were  elected : — 

OnuiaAnv  Mimbbh— 

Mr.  l)AVit>  MOHUAK  Li.cwBLLix,  f'.O.iJ.,  Civil  and  Minin),'   linglReirr, 
(ilBiiwt-ni  Olliccs  I'niitjptiol. 

AaOriATB  MSVBIR— 
Mr,  .f,<UR9TAir.  K*tato  Agtnt,  Qftrmondxwav  Uoar,  Ooxhuc. 

The  folloviag  wcm  nomiQiitod  fur  uiectiun  »t  the  iittxt  nieuting  : — 

AnAOcrATK  Mmxbzk — 
Mr.   Ha&UBAVK  WALlSlta,  M.K..  Vatm:    I'nrk  nnt)  Linton  Cullitirj. 
Burton -on -Trout. 

SmtHirr- 
.Ml'.  KiiffAui)  Hooi'BU,  Uajduii  Urid^  Nortlinmberhiid. 


The  Presidbxt  wiid  the  first  bnsineB!*  wns  to  honr  Mr.  Sivnn's  descrip- 
tion of  his  eletrtric  lamp,  and  to  that  end  he  had  great  pleaaare  in 
hitrodumig  Mr.  Siruii  tv  the  lueetuj^;. 

Mr.  Swan  snid,  from  timfi  to  time  dnrinft  the  last  twenty  jwCtb  the 
tjiieetion  bad  k't-n  prcipyundtd  of  the  feasibility  of  lightiQg  mines  by  ulets 
tridty,  and  vnrioufl  jji-oposaU  had  been  made  with  reference  tn  it.  Tht' 
first  idea  was  to  employ  a  fijcsalei*  tube  for  the  iturpoBc.  An  apparatus 
on  this  principle  woa  devi&cd  by  Jtiebsra.  Dumas  aud  Beaoit,  and  was 
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exhibited  in  Newcastle  about  eighwtn  ycare  ago.  In  the  apftarattu 
of  Meesn.  DumaH  aud  Bcuott  nn  induction  coil  and  tHtttery  were  arranged 
very  neatlj  in  a  little  knajjsnck,  which  could  he  Rtrap^wd  rm  the  liack  <>f 
a  workman,  and  transjilftnte^l  to  the  place  whcn<  it  vm  to  be  tued. 
When  that  platv  mis  ronnhcd  tho  inlcnttnn  was  ilmt  Lhc  workman  should 
detach  it  from  hia  back,  and  liaiig  up  the  lump  m  a  eonvcnipiit  position. 
This  earliest  form  of  electrical  lamp  had  the  adx-antage  of  twitig  self' 
contained,  b"  to  sjieak,  antl  of  carrying  its  own  light-producinc  power 
along  with  il:  but  it  hiid  the  ^reat  drawback  of  pving  a  very  faiiu  ii}.'lit. 
and  of  being  Ajrocirhat  costly  ond  cumbronR,  since  each  lamp  n-quircd  at 
an  accompaniment  both  n  battery  and  an  induction  coil.  At  all  evetita 
the  fact  of  its  nci'cr  having  been  adopted  m  a  practical  lamp  in  mines  wa« 
evidence  of  its  not  having  commended  itself  btt  the  gooil  opinion  of 
mining  engineera  (the  electric  light  produced — in  a  vacuum  tabe^ 
was  the  faintest  fumi  of  electrical  light).  Theu  it  was  pnipobed  to  employ 
the  arc  light  in  mines— not  in  die  daiigi^rous  ]iartti  of  mince,  but  as  n 
ineuis  of  lighting  portions  of  mines  n-hich  might  be  lighted  by  means  u( 
naked  lights.  They  knew  the  kind  of  light  to  which  he  made  reference 
when  he  spuke  of  the  are  light  produced  between  carbon  points.  TbuC 
extremely  brilliant  tight,  if  it  could  be  placed  in  a  perfectly  close  TeHsel* 
and  maintained  without  much  trouble  and  a-ithout  mnchcost.  would  e\'i- 
Jently  be  a  very  good  form  of  light  for  a  mine;  but  uufiirtnnatcly  it  oould 
not  be  maintained  as  a  steady  light  without  some  mecliaitiatl  arrangement 
more  or  less  cumbersome  in  ^e  nature  of  a  regulator  lamp,  and  it  oonld 
Dot  be  enclosed  perfectly  without  incurring  the  disadvantage  of  having  a 
deposit  formed  U|x>n  the  glass  whii:li  contained  it:  practically,  thcrefnn*, 
this  form  of  electrical  lighting  hod  never  gon<>  ftirthcr  titan  a  projMMil — 
a  proposal  which  lie  believed  had  been  (^x>ndenmed  by  scinc  of  the  best 
physicists  who  liad  Itwkcd  into  the  question,  and  wlioeo  opinion  luid  been 
asked  OS  to  its  applicability.  Betwceu  these  two  extremes  of  a  very  faint 
light  and  very  bnltiant  light  there  was  a  middle  path  along  which  occurred 
a  powibilitj  of  prodooing  electrical  light  in  auKther  n~ay  and  of  interme- 
diate power — by  passing  on  electrical  curtvut  through  a  very  thin 
oonductor  made  of  some  comparatively  resisting  and  oomparativrty 
infusible  material.  This  bsl-mentiunvd  method  is  illuslnted  by  Fig.  5, 
Plate *dd,  where  a  \i  a  thin  wire  of  platinum,  and  fr  6  are  copper  wire 
oondnctors  of  much  stouter  material.  The  thick  conducton.  h  b,  ofGtrad 
comparatively  little  resistance,  bnt  the  contrary  nos  Ibv  case  with  the 
thin  oonductjnr,  not  only  bcc&use  of  its  thinneaaf  but  because  uf  its  being 
Composed  of  ptotinnm,  which  wss  a  bod  o^iductur;  if  a  current  woApaasKl 
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broach  it,  k  wmiiil  twcdiiu'  wliiic  Imi,  wliilc  thr  rw\  of  tlic  cfinduftor. 
b  b,  was  cold.  Now,  if  it  were  jvisidhlf  to  koop  a  picw  of  platinnm  wire 
like  that  at  a  white  heat  without  too  grent  im  exjieiKliCuru  uf  tbu  electrio 
current,  nothing  would  1m>  better  aa  n  meiins  of  prothicing  lijjlit ;  but 
nnfortnnatety  ft  wire  <?von  of  ihnt  thiinieM  rcqiiirfd  a  very  strong  elec- 
trical current  U>  make  it  white  hot,  »o  tluit  it  iTuuld  bec<iii]e  tou  expen- 
sive to  prwliiL-c  clectriuil  light  by  metitiEiof  n  whito  hot  wire  of  thnt  kind; 
it  conld  not  be  made  siifflcicntly  hot  for  tho  pn»thirtii-.ii  of  an  eci-jnomicftl 
light  without  lucltintr  it.  Mniiy  luiO  sn  atitnujited  to  uw  it,  but  ba<i  not 
been  BiiccesefHi.  But  the  principle  remained  gufwi  all  the  eanic  It  tvas 
only  neoesgary  to  find  amithcr  inateniil  nniil(jf.f>us  to  phitinuin  in  respect 
of  its  lower  otnductivity,  but  iliffin-ent  fnim  it  in  it«  t^isibility;  sncli  a 
siibstuuce  was  fonud  in  carbun.  liy  making  unibuu  in  the  furni  uf  a 
ver}'  fine  filnment  it  wiia  poBsiblc  to  send  thronpb  it  on  eicctrip.  unrreiit 
wliifh  wonid  heat  it  to  a  very  hiph  deffi-ee,  and  cjiuse  It  to  emit  a  bril- 
liant light  without  excTwive  w>gt,  U  wan  also  juiasildo  to  carry  it  to  a 
higher  temperature  than  wuld  l>e  nc>(ximpliah(.>d  with  platinum;  and 
liecansc  a  very  KJig-ht  infTenw  of  li?ni[jcratnr«  luul  the  cflV-ct  of  incrrwui- 
ing  the  light  very  ciiBiderably,  the  Hnbstitntion  of  carbon  f> t  plntinam 
wa«  atteoded  with  great  ecfjnomy.  Ilia  iinproveraems  in  electric 
lighting  had  l»een  directed  to  thu  utiliztttiou  uf  carlKJii  on  the  prin- 
ciple of  i)roduting  light  by  inrnndpsrcnce;  by  that  means  getting  rid 
of  all  the  macbinerj  inseparable  from  the  onlinary  type  of  electric 
tainp,  anil  with  the  fnrther  advantage,  that  the  light  ro  jiroduced  ecvtd 
be  divided  indffinitebj.  It  haidly  netded  elaburatiun  or  remark  to  show 
that  any  given  i'.']igth  i.>i'  wire,  which  conld  be  made  of  a  white  heat 
in  the  manner  dcaeribedr  would  also  become  of  a  white  heat  if  divided 
into  BCTcral  pieces,  and  interposeil  in  the  tliick  crmeluctor  in  different 
places,  jK-rhaps  widely  apart.  It  wan  almost  a  self-c'vidcnf  thing  that  the 
sanit!  piiwei-  which  wiw  required  to  heat  that  length  of  wire  in  one  con- 
tinmrna  piece  would  also  suffice  to  priHlnrx'  the  Hamc  result  if  it  were 
divided  into  several  pieces.  Self-evidt-nt  or  not,  it  was  a  fact,  that  how- 
ever many  piews  the  platinum  wire  was  divided  into,  it  would  require 
the  same  electrical  force  to  make  it  white  hot  that  it  took  to  make  it 
white  hot  when  in  one  piece :  so  that  this  mrtbnd  of  producing  the 
eiettric  light  involvi'd  the  principle  of  f/i'tfWftiWii/,  and  that  waa  tbo  most 
important  point  in  c-onnection  with  the  subject  be  wa»  going  to  bring 
under  their  consideration  tn-day.  He  did  not  at  first  think  of  applying  his 
lamp  to  mining  purpcBca.  liis  intentiun  was  simply  to  produce  an  electric 
lamp  which  was  generally  applicable ;  but  eeveral  jjenoiis,  whose  opiuious 
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he  could  not  but  pay  great  tpapect  to,  represnitwl  to  liim  tliat  it  ttu  ncA 
aa  uiiBuitaljlo  furm  of  lamp  for  lijjhtiiiff  c<ial-inint« ;  wid  their  Mningly 
expreeseil  vtah  had  led  him  to  pot  the  hinip  in  the  iiliaiie  in  vhicb  it  would 
bare  to  be  used  if  it  rcoeired  ench  nti  nfiplinii  iuii :  and  die  uUiniat£  n-soU 
waB  ihfi  form  of  surety-lamp  uow  uxhibitwl.    The  coiwtmcHon  of  the  lamp 
ii  Bhown  iu  Plate  XXXVIII.: — a  is  a  gtaas  tube  fh>u  which  the  air  has 
been  almost  totally  cJchnnntcd ;  ^  is  a  slender  filament  of  carhun  bent  with 
a  loop,  with  its  enda  secured  in  tiro  Bteel  »ocket«  e,  c,  aith  two  little  ringi 
d,  (f ,  these  tu'u  ateol  FMicketa  are  contiiiuod  in  the  shape  of  steel  stjipa  «» ^, 
till  they  meet  tlic  wires  /",/;  theac  ivirca  terminate  in  two  loopa/f.y;  A 
is  a  gla»  rod  awoHed  at  i,  where  it  contaiiiK  the  twn  wirts  ff,  ^,  which  arts 
fixed  therein  when  the  rod  is  hlowu,  the  other  end  of  the  glass  rod  h 
tenninates  in  a  projet-tion  j,  where  two  sraaJl  pieces  of  wire  k,  k,  are  Axed 
while  the  j^lass  is  hut ;  them  two  pieces  pass  tbronph  fmal)  holes  in  the 
strips  e,  e\  and  keep  tliem  steady.    The  opjierpnrt  of  the  Uunp  ia  enclosed 
in  a  braas  cylinder  /'.  whieh  screws  into  a  brass  ring  q,  formi-d  so  oa  to 
teoeivc  a  glaM  cylinder  r,  secnred  to  the  ring  f  by  meana  of  fonr  atrong 
wire  supports  /.  T.und  the  brnaa  button  a.    The  top  part  of  the  c>'linder 
p  is  closed  by  rocAns  of  n  wcKiden  ping  ».    The  glaaa  u  a  is  encomptuaed 
by  a  soclcct  of  some  non-i-ondacting  uinierial  /;  aecnred  on  each  ludo  of 
this  are  two  brass  slips  m,  vi',  one  of  whidi.  m',  is  pivloufrud  to  y,  ao  that 
it  can  bo  pmnod  by  the  finger  when  the  cylinder  ;)  is  removed  from  the 
ring  V  and  the  lowur  jrartion  i::<f  the  lamp.    The  inside  of  the  wooden  top 
is  also  provided  with  two  bmas  strips  n,  n',  which  are  in  connection  with  the 
conducting  wires  o,  o',  at  the  bottom  theae  strip*  n,  m,  and  n',  tn'.  arc  ao 
bent  as  to  act  hs  spriugit,  imd  oue  of  thom  m'.  has  a  small  cutch  x,  which 
can  be  released  at  will  by  pressure  applied  tu  i/'.  this  arrangi-ment  allows 
the  lighting  portion  of  the  lamp  to  be  readily  detached  from  it«  case  and 
B«  readily  replaced.     Iti  the  position  in  nbieh  the  apparatna  is  shown  in 
the  Phite  the  current  i»  completed,  passing  from  o  to  n,  then  to  »  through 
the  loop  g  to  /,  and  onwards  through  the  ateel  strip  />  to  the  socket  e, 
passing  throngh  the  carbon  filament  b  which  it  makes  wbite  hot,  it  retnnu 
UiroDgh  ^,  #',/■,  ^,  w',  till  it  reaches  n',  which  is  in  oonnection  with  the 
retnm  wire  tf.    No  doubt  the  details  of  this  lamp  oonld  be  very  con- 
aiderably  improved  in  ibe  direction  of  »implicity:  fierhape  the  form  of 
the  glaas  could  also  bo  improved.    It  had  been  rcpi-cscntcil  to  him  thai 
it  woold  be  au  advantage  if  the  glaea  were  carried  higher  ap^  and  a 
little  hevclleil  ul  7,  so  as  to  sllow  the  ray*  of  light  to  pass  apwardi. 
ImprovemeDla  of  that  kind  they  could  easily  frame  in  their  own  mindat 
all  he  iskcd  them  lo  do  ijuw  was  to  cooaider  the  principle,  and  whether 
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in  fenj  case  it  tni^t  he  applicable  bn  the  wants  of  coal-minen.  They 
woald  obMH'e  it  wu  ubaotutcly  iie<;tude(l  th>m  air,  nnd  therefore  would 
be  qait«  ufe  in  a  doagoroiu  atmuHptiere.  on  condition,  of  conree,  that  the 
p\ntn  did  nnl,  hrfak ;  but  he  Ih-IjcvinI  tbnb  in  the  ordinnrr  safcry-liinip 
they  wore  L-sfmeed  t"  that  dniip.-r.  There  were  Bafety-Iam]*  in  eoniraon 
liK- — Uic  Clanny  lam]),  fur  in&tiiuce — which  hud  phiss  iU«ml  them,  ami  tliL- 
Clann^'  Inmp  bociimo  unmlc  when  the  jjlass  was  broken;  but  he  chonght 
this  dnnj;^  fJmost  iniii<;in»n*,  ItC'cmig*.-  n  blow  which  would  break  the 
ghm  would  inevitably  bi-enk  the  vorbi^n,  mid  r<>ii8ei|iiently  cxtiuguish  tlic 
lighL  He  thought  u  lnm|i  of  tiiiiL  khiil  noiild  Iw  iiiiivh  lew  liable  to  lie 
brakcn  by  water  falling  upon  it,  which  wns  a  wiurue  of  dtuiger  in  winncc- 
tion  with  aittty-ianifw  of  the  Mrdiimry  kind  aiirwundi-d  by  glaw;  but 
that  danger  must  be  iinich  h-as  in  n  lamp  of  (hie  kind,  because  the  nmonnt 
of  lieat  wan  so  smnll  thut  the  outer  frliuB  would  scarcely  be  wnnu :  therefore, 
the  danpcr  of  fnictutf  «>f  the  (.'(ata  fnun  water  ruIIinK  upnn  it  would,  ht 
thought,  lie  Tcrs  aroall  indeed.  He  ought,  however,  to  mention  another 
danger,  namely,  that  whieh  would  result  from  the  accidental  rupture 
of  Ibr  ivirpp.  It  always  hap];*tiicf!  tliiit  whfii  wirea  which  carrit-d  n  enrrent 
such  IIS  would  k'  required  for  the  liiiup  wen.*  suvcnid,  a  spark  u«:urr«l 
at  the  moment  and  place  nf  acvcrance.  Ni>vr,  if  tJie  wtmt  which  ntirc  in 
oommnnicalion  between  the  electric  j^etiemcur  and  the  lamp  were  acci- 
dentally broken,  a  spark  would  occur  which,  in  an  esplosive  alraoBphere, 
would  be  dangen'iUR ;  but  the  wiira  mlfrht  be  made  of  aueh  a  nature  that 
the  chauces  of  their  being  Imikvii  were  extremely  remote,  but  still  it 
woidd  not  do  111  r]iiiI  imt  of  mgbt  the  danger  that  might  ariRC  from 
that  source.  Ureat  ciuv  Wtmtd  have  to  lie  taken  in  making  and  un- 
making the  connection  U'tween  the  lamp  and  the  main  wima;  tlic 
coiTcnt  would  have  to  be  previuiuly  cut  ofl'  the  wire  through  which  the 
attachment  or  det«chmt'iit  was  ix?ing  made,  or  sptcial  (.-ontiict  d[■^-ices 
would  have  to  he  pntvided  whinh  would  put  off  by  a  ciivering  of  Ii*|uid  all 
oommunication  between  the  t!.])ark  and  <jut«r  atuioejihere,  or  ituclude  it  in  & 
cloae  box.  in  order  In  guard  agaiiiHt  the  pngBibility  of  n  B-imrk  occurring 
where  it  might  be  dangerous.  He  thniight  it  wiiidd  not  hv  right  to 
^ow  tliem  the  good  points  of  the  lani])  withont  at  the  same  time  men- 
tiyning  wliatever  objei'tion  lie  hiniwlf  could  w*  t"  it.  One  of  the  main 
(jUL'titioiiH  wii:h  tlii.-ni  wi>uld  U-,  how  far  a  lump  of  that  kind  would  be 
IffftCticable,  «np|Wfiiiig  it  to  give  a  good  light  and  to  lie  comparatively  Mfe  ? 
A  fiirtlier  question  wuuld  ha,  what  kind  id'  ap(iamtuit  wnuld  bo  tK-cessary 
in  order  to  w«ffk  the  lamp,  and  what  Would  Ik  the  c-V[>enBC  of  it? 
Ue  need  hardly  lell  them,  bccuuse  there  km  probtibiy  nu  one  preaeut 
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who  did  not  know,  that  in  order  to  produce  the  electric  corrent  for  lifrhtioK 
purposes  they  were  uow  iwiup  some  kind  uf  motive  pctwer — gvnerallj 
that  of  a  ateam  onfpnc — w>  that,  if  these  liimpa  vrero  used  in  mines. 
they  woald  hurc  to  dmw  iipmi  their  ftin  nr  other  r-n^inoH  fi»r  tho 
supply  of  the  power  to  be  applied  Ut  tlw  vi''>rkinjr  of  what  was  willed  a 
dyoamo-clotitnnil  mnuhine.  A  dTiiuiiio-elcctricul  marliiiic  wtis  very  simple, 
Mid  hy  moanii  of  it  irlcctricity  wub  pnuhiivd  siniply  imd  (.'hcnply.  It 
ownsiKted  of  twi  pari* — »u  elcctro-rangiict  whirJi  wiw  fi\cH,  and  mi 
elwlnHrriaguct  which  was  moveaWc.  In  '»rder  to  develop  nti  electric 
current  it  v\-»r  neceaaary  to  give  a  rotary  mt^tiun  to  the  inuveatde  electro- 
niAgiiel.  This  uppamtnH  wns  a  Nomcwhiit  heary  onu.  nnd  he  did  not 
know  how  it  cjuld  be  arranned  i*"  as  to  Hwintue  r  [Mirl«l>le  fomi  and  l« 
ounnectod  vith  the  lamp  in  the  same  way  as  vcm  \iT\>]nise(l  in  the  case  uf 
iJnmas  and  lionofl*  first  electriir  Ifimp.  vrheiT,  as  (he  light  xem  feeble, 
only  »  cyniparatively  sniiill  electric  cnrrent  wiis  rf-ipiirt'd.  This  vtuiild 
have  to  be  very  nincb  increased  t<i  give  the  light  (<oiitcni|ilaled  now. 
■nd  woidd  recjiiire  a  miii-li  larger  apjianitns,  one  altugetlier  uk>  cumber- 
■oiiic  to  l>e  portatde,  so  tliat  they  wnnld  hare  to  realize  the  nerewity  of 
hftvinff  the  lamp  tetbereil  by  ineaiM  of  wires — he  was  tifniid  thick  uues — 
to  the  main  wires  eoming  from  the  dynamo-electric  machine.  The  wires 
might  be  flexible,  but  i  hey  runst  Iw  very  strong,  so  that  to  a  certHin  extent 
the  lamp  was  a  fixed  lamp.  Uut  »np|)<;aing  thi-»e  ditlicnltics  were  not 
thought  Biilhcient  to  debar  the  lamp  from  nao — he  mennt  rapfioBiug  the 
tethering  of  the  lamp  weiT  not  thought  nii  insnpcrable  cbjectiftn  to  it — 
and  iiupptwing  the  pPMinctiou  of  a  ciirrcnt  at  the  pit  head  by  means  of 
a  dynamo-el I'ctrical  miu-hine  was  thongbt  not  to  tuvulve  toouinch  trouble 
and  cost,  then  he  believed  they  n-onld  have  there  a  lamp  which  might  be 
considerrd  as  one  means  i.f  prriincing  that  very  indi«i»etiBabk  thing  in 
ooal-mining,  a  reww^imbly  iKtfe  artificial  light.  An  exi<erinient  wiadd  be 
made  almost  immediately  with  a  numlier  of  these  lamim ;  he  had  Hlly  of 
thorn  being  made  mtv,  and  as  soon  as  made  they  would  Ix-  pbecd  at  the 
diapoaal  of  the  Aieidtuts  in  Mines  Coiumissiun.  They  would  be  firet  naed 
ia  a  colliery  in  N'ottinghamshire:  Home  also  wen-  lo  \h:  tried  at.  Gamodc 
Colliery,  twar  Glasgow,  and  their  practicability  fur  ooal-miuiiig  th'm>iighlif 
tested ;  bat  he  did  not  think  their  nsc  aa  Bareiy-lBm]»  nvtild  l»  tested  in 
either  of  thow  mines  -,  that  i^int.  he  believed,  would  lie  thMn>ughly  tcatnl 
in  the  hibonitory  by  Professor  Abel  and  his  H^tUHtants.  so  that  tho 
question  of  the  adaptability  of  this  lamp  for  iiw  in  tuini-H  was  to 
this  extent  rot«iviiig  an  answer.  AVilh  regard  l*i  the  amount  of  power 
nttTwary  u*  vmrk  sneb  lam|ift,  alwut  one  home  (tower  ivould  le  consumed 
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fbTetwy  ten  or  (WPiily  liim|i«.  Pi-Hritwor  Hprofrlipl  had  (with  tiiR  iiBiml 
IdodnMi)  lent  him  a  small  hand  dynaino-GlecEncal  miichino,  which 
eniiblfd  hiin  to  demonstrate  to  them  liow  exactly  prupurtioual  woa  the 
mativG  powtT  nxjuired  U<  drive  ic  to  the  amount  of  electricity  produce*!. 
He  fiiiided  that  one  of  tiic  qnewioiis  they  wonid  have  to  lult  him.  would 
be  whetlier  instead  of  keeping  t]ie  current  always  Hiif^plied  directly  from 
the  eJeotro-ilyiminiciil  umchino,  tliure  t^mld  not  lie  ii  store  of  (.electricity 
carried  abont  with  the  lamp.  He  wiw  ih^rry  to  wiy  there  was  not  much 
to  be  hojied  for  at  present  Jti  tluit  direetiun.  The  operAtioii  of  a  DmiiellV 
battery  wiiii  Heeomiuuiictl  by  a  vbi'mieal  ebnnge,  wbkli  ended  in  tlic  de- 
position of  eop])cr  citi  one  aide  of  a  pnron»  diiiphniffm,  nnd  tJie  di3»i]iitioii 
of  nine  on  the  other.  It  is  tiuite  pomeiTnUle  that  tliin  jiruecM  might  l>c 
rcTorwd  by  means  uf  the  dyDaiiiu-eteelrical  trmehiiie,  and  the  zine 
dci)08ited,  while  the  ciip|«'r  wan  diaaolved  Iiy  &  rcverw  action  of  the 
eurrenl ;  »o  that  flie  iwinjj  of  tlie  (;iirrent  of  a  Daniell's  battery,  and 
chai"ging  it  agiiin  from  a  dynamo-electrical  machine,  wrjulJ  conrtitnte 
something  like  a  etflte  of  electricity;  and  he  thought  it  quite  likely 
tliftt  p'eat  projjreiM  wi.iild  Xm  iimde  in  the  porfeecintj  of  Hpimrntna  of 
this  kind,  and  that  electricity  might  in  Ibis  way  i>e  to  Boine  extent 
iilored.  He  bad  had  bimpti  jroing  an  hnnr,  or  perhaps  ereu  lundfer  by 
meann  of  KtonTd  elecirieity ;  bnt  at  present  fnr  the  lighting  of  rwal  infnes 
elcf.tr iially  he  thought  the  line  of  a  dyii«ni(j-elcctrical  machine  direct, 
would  Iw  fotind  to  Itc  ncec«Hary.  H(i%ing  now  stated  hia  proimeition 
with  regard  to  the  electrical  illumination  of  mines,  be  Icfl  it  to  their  con- 
eideratinn  u«  iu  Iinht  fur  it  ivas  practicable  to  adopt  the  idea.  It  was 
a  qucrtion  for  them  mnrh  more  than  for  hinieelf,  He  hnd  shown  them 
how  far  the  electrician  could  help  them  in  the  mutter,  and  bethought 
it  worthy  of  llieir  ei'iiKiilcintioti  how  (hi-  they  Cfudd  innke  it  fit  iu  with 
their  other  arraiigcnienta.  He  thought  it  would  perliajiK  mure  fully 
answer  the  end  Ihv  Institute  bad  in  %"iew  if  he  iwi/rved  jmything 
further  he  had  to  say  till  the  subject  was  diwcmweil.  He  would  he  very 
gta<l  to  answer  any  question  which  niifilit  be  (wked  of  him. 

Mr.  Swan  in  nnsWLr  l^i  the  President,  stated  that  the  light  nf  the 
lamp  e.'ihibitod  was  eijunl  to  that  ^Wen  by  two  or  three  caudles,  altliougb 
it  rii{.'ht  vei-y  readily  bt;  iucreuHed  Lu  10  or  lif.  With  referent*  Co  the 
beautiful  woolly  material  fDUtid  in  itike  nveus,  he  did  not  think  it  c<'iuld 
be  ti]»de  nK  of  in  a  lamp  of  that  kind  :  he  hnil  not  tried  it,  btit  he  had 
looked  at  it  very  carefully. and  the  difficulty  witli  it  mhk  thut  the  tilnmenta 
were  «o  i?xtrcmcly  thin  and  tendei*,  that  it  would  not  Iw  posgihic  to 
aecnrc  them  in  sueb  a  way  as  to  umkc  h  perfect  i;<jntact  ivith  the  con- 
ducuir  which  (xjtiveyod  the  ctiri-citt  t«^<  aud  from  the  Hiiunent. 
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In  aniiwer  to  Mr.  T.  J.  BEncK — the  inereaae  of  cost  h;  iucreuui|f  the 
ligbt  n-uulij  depend  apoa  Uic  way  in  which  it  vras  done.     IT  the  light  wen 
incTBoaeil  by  len^ioniiifr  tlio  carbon,  thrn  the  inrreaw  ot  cost  to  the 
increaM  of  liyht  wohM  he  nhsolutely  in  fhc  proportion  of  tlic  increase 
light:  hot  if  Itip  light  vmiQ  iocreiucd  by  scQdiag  a  greater  eurn-Qt  diroufrii^ 
csrbon  of  a  ^vcn  nizc  ami  length,  then  n  very  slight  inrreaae  of  cnm^t 
wonld  give  «  very  great  incrensc  of  lurainoBily.      When  hi«  lamp  was 
shown  [M  PTYifessor  Tyndall.  Ik  mUl  be  thought  it  mi^ht  be  made  appliuible : 
to  the  itlnmination  of  mines,  and  eiiggcfied  that  pcrhnpfl  iU  safety  might; 
he  inavAfied  by  haring  a  doable  casing  of  glnss,  mith  water  l)ctwe«ti  the 
casings. 

In  reply  to  Mr.  (.'LmrnBBT  Berki.ky— be  did  not  think  that  at  pre- 
lent  it  waa  pouible  to  produce  the  requisite  amdunt  of  electricity  to  woric 
a  lump  fur  any  useful  Ivugtli  uftiinc  by  cluck-wyrk,  for  it  required  a  man 
to  extort  himself  yci7  considerably  to  ilhunjnatc  one  tamp;  imd  even  if  the 
machinery  producing  the  electricity  werw  i<>  be  considcrwbly  improved, 
he  did  not  think  the  power  could  lie  reduced  to  fiir  a«  to  give  auy  hope  of 
a  clock-work  motkm  t)ecQming  possible,  uud  nn  the  other  hand  there 
absolntely  no  Iom  uf  power  in  eonveying  electricity   twenty   or   thirty' 
miles  to  tlie  lamps.    There  was  alnayH  a  certain  amount  of  what  waa 
(juite  anatuguiis  I"  leakage  by  leni^'tliening  the  VMudiicting  wires  t  bat, 
under  prfiper  eondicinns,  leakage  nas  not  mi  tyiiisidcrablc  ns  to  prcreot. 
electncity  buiug  cjuveyed  ii  great  d»d  more  llian  a  inilc  j  oven  aa  mac 
as  ten  or  tw<uiLy  iiule»  ini(;ht  be  tbunght  of  ai  not  impracticable.    Should 
theglnn  become  broken  the  lamp  would  go  out  instantly:  immediately 
air  got  admission  t»  a  tump  of  tliis  sort  it  would  go  ouL    The  cnrboo' 
would  burn  away  just  as  *  piece  of  coal  bnmt  od  a  fire,  and  m  Uw 
fllainenL  in  n  lump  waa  very  thin,  it  would  burn  away  in  a  muoent. 
The  time  it  wuuld  take  to  replace  the  lamp  with  nuother  would  evidently 
depend  upon  tlic  cmstniction  of  the  liunp.    He  liad  some  being  con- 
stnicUnl  »i  ihat  by  tlie  undoing  of  a  single  screw  the  lamp  cuuld  be^ 
reuhuTdl  in  two  miuutfB,  even  wlien  the  change  was  eflenrUHl  in  the  dark. 

Mr.  A.  L.  Steavkkhon  hoped  that  anything  he  or  any  one  else  mtgh&l 
say  would  not  Ik  cousidcrvd  by  .Mr.  .Swan  in  the  tight  of  criticism,  but 
merely  in  the  li^lit  of  rcmorkE  offeretl  by  the  members  of  the  insututa, 
for  tlic  purpoK  of  aflbrding  iissiatanee  to  Mr.  Swan  in  the  vi-ry  voluoblt'* 
experitncnts  bo  was  now  making.  Of  course,  the  tint  difficulty  with 
the  membens  was  iheKe  long  wirea.  Krcryoau  acquainted  with  piiJ 
work  must  be  au'an:  tluit  tn  hare  n  lot  of  suob  long  cords  as 
moving  about   waa  very  serious.      At  the  prevent  mominii  he 
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notaeehon  to  get  over  it ;  lutl  fur  tin-  |irirp(i);i-  of  li^licinj;  thn  main 
rotids  and  the  khafl  bottoms,  such  lainpn  as  had  been  shown  ooald 
undoubted]}'  be  used  with  ^reat  ease.  W!it<u  thuy  got  into  the  workings 
thpy  would  have  to  light  up  the  howcrs,  whieh,  he  thought,  it  was 
Viarely  ^loMible  lo  do;  hut  Ix'joiid  thiA  again  Lhey  had  the  waiU«s  aod 
retunia.  aiid  various  part^  of  the  miuc,  where  there-  might  he  uurc  or 
lc3B  fallen  material,  and  where  a  man  hnd  enough  to  do  to  get  through 
himaeli'  without  carrying  wires  after  him,  lie  hud  known  men  cumpelted 
to  travel  with  a  Davy  lamp  iu  their  nioutlis.  Under  Kueh  ciivumstiinccs 
it  vonM  he  rcry  diffionlt  to  introduce  a  lamp  snch  m  Mr.  Swan  had  put 
before  them.  The  (lucstion  of  cobi  would  in)t  enter  into  the  calcnlationj 
if  a  lamp  could  be  Ibuod.  the  use  of  which  would  be  a  guarantee  for 
perfect  safety,  he  was  certain  the  (]ui.«tion  <.if  coHt  would  nut  enter  into 
tho  consideration  of  the  manager  of  a  mine.  He  wonld  like  to  aak  Mr. 
Swan  how  iar  he  eoiiKidi.'1-i.'d  the  lump  would  fairly  compare  with  the 
ordiiiiiry  Davy  lamp  now  in  use  in  intensity  or  nmoaiit  of  li^ht'i  One 
nse  which  he  thought  the  lamp  might  be  applied  to  waa  to  light  a  place 
known  to  contain  diiujieruiis  pasce.  Men  were  sofiketimes  known  to  he. 
where  it  was  aimogt  impoBeihlu  to  reach  them  with  the  present  ap- 
pHana'9,  and  where  n  lamp  like  this  could  Imi  employed.  In  the  ordinary 
woi-kiii[f  of  ft  coal  pit  thore  were  oftt-n  as  miiuy  as  300  or  +00  safety- 
lamps  iisc'd  by  the  miners,  and  in  tinier  to  supply  their  iJaeee  by  the 
electric  light  it  wonld  Iw  necessary  to  regulate  the  intensity  of  the 
uurrent,  so  as  not  to  destroy  the  lamp  fW>m  any  sadden  increaite  of 
onrrciit  caiiHed,  say,  by  a  eurtuiii  niniil)er  of  lights  Ijet'imiiiig  exiin- 
guishcd,  or  from  nnmherw  of  nun  leaving;  the  pit.  That  would  liuvc, 
of  courae,  to  be  carefully  considered,  so  as  not  to  extingiiieh  all  the  lamps 
of  n  mine  at  one  moment.  It  would  be  a  Berions  matter  to  have  several 
hundred  men  in  n  mine  lell  suddenly  in  the  dark  by  tlie  severance  of  the 
wire. 

Mr.  Swan'  Raid,  he  luul  hut  littlo  practical  knowledge  of  c»al-mining, 
and  wonld  not  enter  into  any  disputation,  or  anything  appnmehing  to  it, 
with  Mr.  Steaveuson  as  to  the  applicivbility  of  a  lamp  of  this  kind  under 
all  the  conditions  in  which  it  hnd  to  Iw  used.  He  could  very  well 
imagine  conditionn  under  which  it  ivoidd  Ik'  totally  inipraeticable :  but 
perhaps  there  were  mines,  not  so  ccjmnion  in  this  part  of  the  cfjuntry  as 
in  others,  where  a  lamp  of  the  kind  ithown  might  not  bo  impracticable. 
From  what  he  gleaned  in  coiivei-salion  with  members  of  the  Mines  Com- 
mitsion  the  other  day,  he  thought  that  it  might  be  feasible  to  employ  it 
in  working  the  loug-wall  system,  and  iu  certain  mines  whea-  the  mi.>thotl 
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{if  wi>i-Irinj»  wflB  very  regular  and  There  there  van  ftmple  f4>acf.  The  lUHin 
win-s  luig'ht  be  laiil  in  some  cases  nnder  the  ruaiUay,  to  olhur  cnsen  uver- 
luiod,  up  ti^i  the  face  of  ihu  mat,  whence  hraiidi  wires  might  Iw  ukeo, 
entanglement  might  he  prevented  hy  the  wires  In-ing:  rolled  up  on  reeb. 
With  siiuh  help  it  mi);ht  bu  posnihle  lor  mm  lo  place  tlK>ir  Inmpe  in  a 
ooiivcnicnt  position  without  their  being  very  much  enciiinliored  hy  the 
wires.  The  opinion  si^med  to  bo  entvrtnlDcd  hr  snme  miniri<.'  engineers 
with  whom  lie  had  discueed  the  mntter  ihnt  it  was  not  entirely  un- 
lensible  in  use  the  mrvs  in  certain  miiieti.  hnt  Cliiit  there  are  other  mincfl, 
nnd  perh&pH  they  are  the  majoritv,  in  whirh  it  would  not  be  fcaaibl^. 
Still  he  Hubmitted  tliere  would  hd  eiis^-s  wiiere  the  i>pn<.'e  wii«  ample  nod 
the  [Qeihud  of  W(>rkii>g  very  ri'^^iiliir  imd  systematic,  where  it  might  b« 
useful  tn  employ  a  lamp  of  thi*  kind.  The  regnUtion  of  the  cnrrent 
might  be  made  at  tlie  |iluee  where  the  eleetric  current  niis  generated:  it 
mi{rht  Ix'  part  and  parrel  of  the  j^'iieraliiig  iiiBchim'.  There  were  neveral 
wayfl  ill  whieh  the  rcguUiioii  might  l>e  cfffctcd.  The  danger  from  tfa« 
rupture  of  the  wjix-s  would  still  have  to  be  CDcountcrctU  but  he  thought 
tlie  wires  might  he  made  bo  secure  us  to  pre^nt  no  eerioLia  danger  frotn 
accidciiC.  Tclef^rapli  wires  hud  under  ground  verjf  seldom  go  wrong. 
Probably  ek-ctric  wire*  in  mines  should  be  laid  similarly  in  irou  tub«  and 
under  ground. 

The  I'BEiUUENT  said,  thev  tver«  all  very  iiiueh  iudebted  to  Mr.  Swan 
for  his  laost  iutere^Cit'g  eommunieation.  Ue  must  eonfcas  that  seeing  what 
changes  had  taken  |tlacc  in  electric  lighting,  espc-^.'ially  in  the  direotion 
iiiitint«d  by  Mr.  Swan,  he  did  not  entirely  lose  h(>|>c  of  seeing  the  time 
when  a  self-con tuincd  and  portable  electric  Miiety  lamp  would  Iw  iuvcuttnl. 
which  would  bo  able  to  be  brought  within  the  power  of  the  person  wha 
used  the  imiip,  lo  otrn*  (o  his  work,  and  be  driven  probably  by  soom 
little  n-R-rvoir  of  compressed  air  or  other  |>ower :  and  he  waa  more 
eiipo^-ially  sangninc  when  he  saw  the  mutter  takeu  up  by  suoli  men  a*' 
Mr.  Hwtin.  Ue  had  great  pleasure  iu  pru]xiBiug  n  vot«  of  tliauks  to  that 
gen  clem  an. 

!llr.  A.  L.  STRAVEN80N'  sikid  he  had  great  pleasure  in  seconding  the 
vote  of  thanks. 

The  motion  was  carried  by  acclamation. 

Mr.  SwiN  said  he  joined  moat  cemeBtly  in  the  hope  which  Mr. 
Ureenwell  had  expressed.     Seeing  the  rapid  changes  in  the  direction  of 
adranoement  which  had  neon  made  in  so  short  a  time,  one  was  ntdfj 
almost  to  hope  anything  and  evervihing.     He  would  like  to  say,  in 
ootKlusion,  how  very  much  obliged  he  was  to  Professor  Uerachol  for  hia 


Tot.  XXXFtATfiiXXXm. 
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kindneas  in  pruridiuf^  hhii  with  apparatus  and  aaBiflbuDOu.  Tlie  Pro- 
fessor had  holpcd  liim  with  »iivh  lioart;  goodwill  as  iiuide  hini  donblr 
indebted. 

On  the  ni<jti«iii  of  thu  ['kehidknt.  Huctinded  by  Mr.  ■!.  B.  Siupsux,  u 
vote  of  thanks  wba  given  Ui  the  nicnil)erB  of  Che  Literary  and  Philo- 
sophical M<x;iety  fur  liaving  »o  very  kindly  grante<l  them  the  iwe  of  their 
Ic4;tiire  room. 

The  meeting  then  terminated. 
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EXPERIMENTS  SHOWING  TUB  PEESSURB  OP  GAS  IN 
THE  SOLtD  COAL.- 


Br  LINDSIV  WOOD. 


The  writer  haTin^  hod  his  attention  drawn  to  the  frequency  of  blowers 
of  gaa  cftcnping  from  ccml  worJciii^s  ut  hif,'h  preHHtirofi,  wns  led  to  try  a 
series  of  cx}x'rimcnt&  to  ascertain  if  gas  existed  at  any  pressure  io  the 
Botid  coal  itseir. 

He  tras  also  anxioiiB  to  naeortnin  what  qunntity  of  gaa  was  gireii  off 
from  fl  given  area  of  a  face  uf  working  coal,  and  at  what  rate  this  emda- 
tion  <)f  gas  diminiiihcd  per  hour  of  eiposiirc,  so  aa,  if  posable,  to  ascertain 
the  fllei't,  ftom  this  cawse,  of  nipidly  expogiujr  new  surfucwR  of  coal  by 
qnick  working,  with  a  view  nf  having  mme  data  by  which  to  compare 
pita  working  12  bours  a  day  witlj  tliusc  working  ^-l  hvure. 

To  this  eud  Bve  difttinct  e.^ [jt^rimeiitti  were:  m!u\\!,  ami  jioles  were  bored 
at  different  dcptba  into  the  coal  in  variouB  Beams  at  Eicmorc,  Hetton, 
Epplcton,  Boldon,  and  ITarton  Conicries ;  these  holes  were  plugged  and 
g&ngee  applied,  and  it  was  soon  found  that  very  great  pi-cssunse  were 
shown  to  cxiet. 

Arrangements  were  also  made,  which  are  hereafter  described,  liy  which 
the  quantity  of  gas  given  off  irom  the  boreholea  of  u  known  sarfaue  area 
was  Bccuraftily  measured. 

One  of  these  exiwriments  was  made  in  the  Low  Main  Seam  at  Elcmoro 
Colliery,  at  a  depth  of  750  feet  from  the  surface;  one  in  the  Untton  Seam 
at  Helton  Colliery,  at  a  depth  of  1,228  feet  i  and  eight  in  the  Eutton 
Scam  at  Eppleton  Colliery,  at  a  depth  of  I  .i&l  feet.  Fi\'o  were  made  in 
the  Bensham  Seam  at  Boldon  Colliery,  at  a  depth  of  1,268  feet  from  the 
Kurfaec  ;  and  three  were  made  in  the  Bensham  Scam  at  Ilarton  Colliery, 
at  a  depth  of  1,21 5  feet. 

*  KrJul  mi  the  Qsn«nE  MLitlriK  lii'lil  on  Mie  19Ui  Jmir,  ISSQ^  but  pubUcaLian  detajvd  to 
pornut  of  turtUer  oxpcriniouU  Wing  rCL-urlwl. 
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It  will  be  noticed  from  this  that  nil  the  cxperimcnta  ««pt  the  firtt  ^^^ 

wen:  tried  at  a  depLli  within  :i  per  cent,  of  l.:!43  feet,  the  mean  of 

the        ■ 

whole. 

J 

THE  EXPERIMENT  MADE  AT  ELEMORE  COLLIERY. 

n 

The  Klemoix!  Ciillicry  was  opened  nut  aboat  the  jear  1626 — 54  jcan        ^M 

l>erorc  the  ex[)c-ri]ncnt  wim  made,  the  foltowinf;  being  Ihc  aooount  o(  the       ^| 

strata  sunk  lbro(]};li  iu  the  Lad;  Isabella  Pit : — 

m 

TDWssatp  or  fittisO'Tok.  orBHAU. 

1 

8bMtJI>a{0TdR»ii«<>Mat>.    Ut.  64' 46' l-^".  LMif.  1°  2^*  46". 

Apimtxlnuite  aiiTfice  level  400  feet  kborc  m«  (Onlnvice  datom). 

Fl.  Fl.  In  Ft.  n.  In, 

Fb  Pi.  la  Pk.  PI  !■          V 

Outwt            2-10 

Brought  forward    10    3     3  42 

6    1         ■ 

MrtinfT  bmwti  ela>  ...    8    0    0 

Black  ittiiM 0    3    3 

m 

Limotd^ne     IB    0    0 

Brown  thill 0    2 

■ 

BluD  lii[i««tane          ...     0     I     0 

COAL         0    10 

V 

Brown     rUy,    tcarcd 

11 

2    0 

withblM 0    0    7 

llrowii  tliill 0    0    9 

SmA  bod.— ikirt  mimL 

COAL          0    3    B 

in  whieb  tliu  WBt«r 

TliiU            ...        ...    0    4    0 

^^^                 increued   to    1.000 

Blnemet&l 16    0 

^^^B                  ffstlotit  per  hour  ...   10    3    0 

Grev  uietal,  wiUi  poet 

^^^^H              WhiU>  |i«t,  in  xbioli 

girdlt-                    ...     2    0    0 

^^H                  BcribwMMt       ...     0    £  10 

StruiiK  wliitt  poet    ...     14    0 

^^^1             OfMnelal 0    1  10 

^^H             COAL         0    1  10 

^^H                                                  38    8    1 

Orejuutal S    0  10 

StroHff      «rhit«      ML     3     y     J 
mised     witb     irtm-     — ■ 

—  ■ 

^^H             OmmrUl 0    1  10 

^^H            WUtsport 0    K    0 

•toiwhAlU           ...0^0 

Gtvj  BHtal 0    0  10 

^^^H             anv  metal    ...         ...    0    0  10 

Strunr    unj    melat 
witii  itoit  girdlM ...    7    4    6 

^^H          wh\U|«»t. 0  0  10 

^^H             Oivy  metal 0    1  10 

^^m         wutcpMt 0  0  7 

Otev  port       8    2    4 

COAL-J?^  MtSm 

^^^m             SLrotw  Um  meUl   ...     S    8    4 
^^H             COAL         0    0    9 

Smm         0    6  10 

4    S 

WUtatlnll 0    4    0 

^^H              ItrawBthill 114 

BtronKMUUport    ...     1     0    8^ 

^^^H               H'hilc  \ttmt 0    4     1 

BUek  (ton* 0    10 

^^H               BlDcrnvtal 0    0    R 

B)u«mcUl    117 

^^H            WMteiwrt a    1    0 

Or^  metal 2    6    8 

^^^H             BliH awul  fltone      ...    0    0    2 

Stroos  while  p«t    ...     2    0    8 

^^H              WUIapMl S    0    0 

8trDa(    brown    post. 

i 

^^^1               BramtrbiB...            .086 

Mixed  with  wblii         4    0    6| 
COAL    Uwppotrd 

^^H              WUtvpMt 0    6    8 

^^H             Ony  metal 1    4    S 

JfnaJ/iB  Xmmi)     ,.000 

^^H            BbckMaM 0   0    a 

18 

1     4 

^^H              Onj  iMtal 0    14 

• 

^^^^^             CwtImI  fonrard     10    S    »  48    A     1 

Ckrrifid  forward      91 

1  10 

^^^^^^^L                                             *  ApproiimaU  tc*  level  (Onliuui«e  dHtum). 

OAs  la  the:  boijd  goal. — blbnobs. 


l«fi 


Pi.  Pt 

to. 

Tm.  TV  Ul. 

Tta.  Pt 

iiL  riL  n  la- 

tlrunc^c  furraid 

frl     3 

10 

Brought  fnrmud 

IS 

I) 

0  99   0    7t 

Binini  thill 

0 

0 

iDi 

lir.-v  mvM 

1 

s 

7 

Wliitt  [itwit    ... 

0 

2 

7 

COAL         

0 

0 

9 

Ofcj  iiii'tal 

0 

R 

» 



^ 

—  13   4     4 

COAL         

0 

0 

2 

Baod             

0 

0 

3 

Sn(l  brutt-n  thill 

0 

2 

G 

Brawn  thill      . 

0 

0 

H 

Soft  whit*  thil] 

0 

0 

9 

Orvjr  nK'tAl    

3 

3 

4 

Suit  brwwn  puctgirdlua 

0 

I 

0 

Strong  whit«  tMMt    ... 

s 

S 

0 

Ore;  mtUX 

0 

2 

0 

HtroDf;  brxiwii  whin  ... 

0 

\ 

0 

COAL         

0 

0 

4 

3    3 

^ 

tStmiig  while  iHTiit 

0 

0 

0 

Brown  tliiU 

0 

0 

» 

Pi.  In 

Soft  wliite  pott 

0 

4 

0 

COAL             4    t, 

Qny  nwtal    

0 

4 

0 

Buid                0    1 

Soft    Haa    imftitl    alul 

COAL,  bot- 

inwi ^iinllcK 

2 

B 

0 

tom        ..,     0    8 

COAL     LOW  MAIN 

Slniiift  Bpliiit    0    4 

SEAM      

0 

3 

9 

4    b 

6 

IllMb  •lAiie 

0 

B 

7 
—  14  4  10 

Qrov  metal 

Whit*,  part 

1 

0 

1 

0  0  n 

4 

4 

2 

COAL         

0 

0 

S 

Orcy  metal 

2 

a 

4 

White  p'«t    ... 

1 

0 

6 

Wliin  jiirdlfia 

2 

0 

a 

BUcli  (tonv 

0 

3 

3 

Total    ... 

C&rried  forward 

IS 

0 

09B  0 

n 

i?7    4  »J 

Kora. — Tlie  Opcrpc  iiii«l  LimIt  I'uMU  V\t*  bit  about  45  rard*  njmrt.  knd  there  is  a  dip 
djkc  to  tlic  r^t  of  7  fatlinni*  bct.wcvn  th«  two  alufU. 

The  cxpc?riment  was  made  in  the  Low  Main  Scam  at  a  point  tihnnt 
319  ymrdB  imuth-caat  IVym  the  sliaft,  and  fully  CO  yards  from  any  whole 
workings  or  goof;  (he  dip  of  the  Ktruta  being  towards  the  cast. 

The  roof  IB  composed  of  grey  metal  and  post  girdle,  is  rather  tender, 
and  the  thill  is  of  strong  seggar  clay. 

The  coal  is  clear,  hard,  hittunincias,  and  moderately  bright,  with  the 
cleavage  well  defined,  uiid  ih  iiHeil  for  hunschnld  jitirponee. 

The  Main  Coal  .Scam  114  feet  almvc  is  partially  worked,  and  the 
Button  Scam  78  feet  bduw  in  partially  worked. 

The  apeeific  gravity  is  1*24. 

On  August  28th,  1879,  a  hole  ivss  bored  in  the  solid  coal  at  the  face 
of  a  narrow  board.    See  Section  No.  I. 
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CONDITIONS. 

The  length  of  the  borehole  was     ... 

The  dilimeterof         „ 

The  diameter  of  pipe  fixed  la  the  hol^ 

Gbs  i^Boe 

Hole  at  Tt^il  anglt;ti  la  tlie  ultiat. 
Oorer— depth  of  hole  from  sarfaoc 
Distance  of  hole  from  Khoft 
Description  of  gauge  used 


n  IB. 


750  feet. 
819  ^rartls. 
Bourdon's. 


The  hole  was  plugged  up  in  the  fnllowing  vmy : — The  pipe  for  conveying 
the  gas  from  Ihe  gas  space  (jj  the  prewnrc  gauge  wa«  ecrcwed  at  it«  inside 
end  and  proridcd  with  a  nut  and  washer,  the  other  end  was  provided 
with  a  collar.  Retnecn  this  collar  and  the  nut  were  placed,  6rst  a  metal 
socket,  and  then  a  niimbei  of  Iitdiu-nihber  ivasherg  which  were  a  litUe 
BioaUer  in  diameter  thun  the  hole.  Whi-n  theee  were  placed  in  tho  bole  tiiej 
were  all  screwed  tigliUy  up  together,  iiiul  the  space  rtKind  the  aocket  at 
the  outer  end  of  the  borehole  filled  with  good  Portland  ccmenL 


of  Oh. 


RGSULTS.-'Sn  Tasli.  Paoi  2». 

In  the  first  5  minutes  after  the  hole  was  made  tight  the 
pressure  rose  to         

In  S  hours  and  20  minutes  the  pressure  was      

In  ]]  hours  and  35  mitintes  the  Tnaximura  was  attained, 
namely  

Thie  maximum  pressure  was  niuintained  fnr  4  houre,  when 
a  steady  decrease  ensued ;  the  gauge  was  attentively 
observed,  and  the  varying  pressures  noted  every  hour. 

In  the  first  IS  hoiuiB  after  the  maximum,  the  presurc  was 

In  86  hours  afler  this        

A  itoadr  decrease  itill  gcong  aa,  the  boitrly  obeen-uucc 
of  the  prearare  was  continued. 

At  the  ood  of  '2G  days  2  hours  and  £5  minutes  the  last 
pressure  was  read  off  and  noted,  which  was 


LtafMBvi 


28 
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THE    EXPERTMENT    MADE    AT    HETTON   COLLIERY. 

The  HcUon  00111617  w^s  opened  out  ii1k>iu  the  jeav  1822 — 58  reare 
before  the  experiment  vtas  made,  ihu  folluuiug  beinj;  the  aucoont  of 
the  strntfl  snnk  throngh  in  the  Minor  Pit : — 


Tgwxiuir  or  nwnos-hw-moLs,  dfkiiam. 


Sheet  21  of  Ordiisnc*  »•{>.     Ut.  W  *iEf  69",  Umg.  V  iff  26". 


SeffUH  Dk>.  SOUt.  iSSO. 
Approxlnwte  rarfac*  level  319  foet  kbore  ■»»  (OrdnMtce  datum). 


Ontnt  

Soil  

Onvel  

LlmetUta^  murV,  a-ni) 

anft  limwlnnfl 
Ydlnw    ]imc«Uiii«    in 

dlffcreut  btxla 
Hlu«  tiuiortone,  ^"s^y 

St    botUitn    (callca 

"Itluc  iUjf"J 
Bliie  Eiiutul      ... 

Soft  nnd«toiio 

Vory  (oft  wbitv  metal 

■tone 
Gre.r  motal  iiluna     ... 
tttinng    hrown    limp- 

■toilo,    ttisttl     wrilh 

whin  

8cft  bluifh  gr^meUl 

»tone         

COAL  

Soft  ^Kjr  metal 
nine  metal  Atone 
COAL,   mtud   with 

black  metal 

GrcjmetjJ  atono 
COAL  

Orej  mtt&l  Btono 
Ulack     DiL-UI.    mixed 

with  «ia/  ... 
COAL         

Gtvt  metal  Rtonu  or 
tbm  

Grejr  metal  itonc,  with 
paitinn    ... 

Stnng  white  put  and 
water,  werjr  epongy 

COAL  


r*.  n  Is.  r*.  n.  In. 

1    u  0 
0X0 

L     3  0 

0     4  0 

S    0  0 

IS     S  6 


7  S  S 

0  &  3 

0  4  4 

0  L  3 

0  0  9 


1     2     R 

6     2     3 

0    14 


0 

1 

\  8 
S    0 

0 

1   0 

2 

0 

6  10 
1     0 

0 

0     i 

0 

0 

0  7 

1  10 

3S     4     4 


2     3    5 


3     0  10 


0    2    9 


0    1     4 

i    0  10 


8 

1 

S 

0 

2 

4 

8 

0 

a 

Brmi^ht  f  orwanl 
(tri^y  mvtal  «toEio  or 

thill  _ 

While  port ' 

iirey  mrtai  tUtae 
Wlute  iKMit,  with  part- 

iiig«aiid  nater  ,. 
Grey  metal  rtone  ... 
COAL,   mixed    with 

black  iii«:tal 

TliiU  

Whit«|Mrt 

Urej  metal    ... 

Qns  metal  iitune.with 

poat  girdlw 

titr^  Jintlal     .,, 

COAL  

Thill  

(Irer  infttitl  •toiw 

Whitapoat 

Grej     metal,     mixed 

with  poat   ... 

BUok  and  blov  metal 
COAL         

(Irmr  mrtsl    ,,, 

WhiU'iwrt 

Urejr  aiul  whitn  ]ir>*t, 
miieil      ivith     g^vj 

tniitai  atcTio 

tVliLri  

White  pMt.  with  blue 

mtfCal   and   partiujp 
Btmiig  wliitepntt     ., 
SM^im  wliit*  Fpongry 

P'lit,  with  mrtiiijcA 
tjrt-y   and    xliitt*   [Hxit 

Biid  watCT  ... 
Orej  metal  stone 


n.  n  In.  ra  n.  la. 


0  X     6 

0  2     3 

1  2    b 

6  3    3 

U  2    8 

0  1    e 

0  0    8 

0  2    6 
OSS 

0  1    4 

0  0    6 

0  0  10 

0  0    8 

0  0  10 
14    2 

0  2    9 

1  6  10 
0  0     3 

0  1     3 

1  1     9 


I  6  2 

0  3  7 

0  2  10 

1  1  6 

4  5  IL 

3  1  3 

0  4  6 


9    I    1 


1     I  11 


2    2    0 


2    0    1 


CarricKl  forward       fi2     6    6  lurried  forward 

"  Appruiimatti  ««(i.  level  ((Jnlnaikcc  datiunj. 


15    0    9  67    6    1 


OAH  tN  THR  SOUD  OOAL.— HETTOS. 
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The  experiment  was  madi.-  in  the  Uutton  Svuin  at  a  point  about,  3,&80 
yards  due  eaHt  fruiii  thv  H)i»rt.  aiiil  uboiiC.  100  yiu'ds  from  Hume  old  goaf, 
the  dip  of  the  strata  being  towards  tlic  eoit. 

The  roof  is  compoGcd  of  grey  metal  with  poet  girdles,  and  is  mode- 
rately good.    The  thill  is  of  rather  soft,  Bf  ggar  clay. 

The  coal  is  clear,  hard,  ftiid  bitnminona,  with  the  denvnge  well  defin«d, 
and  is  Dscd  for  hotiSchoM  purpa&cs. 

Ifone  of  the  cual  Ficnmf!,  (.-itlicr  above  or  below,  have  been  worked. 

The  Bpecific  gravity  is  ri7. 

Oa  September  1st  a  hole  was  bored  ta  the  solid  coal  at  the  face  of  a 
winning  headways,  on  Uie  di])  side  of  a  7-feet  trouble.   See  Section  Xo.  2. 


SBcnoK  K«.  1 


CONDITIONS, 


The  length  of  the  borehole  was 

9     0 

The  dianwter  of          „                

n 

The  diameter  of  pipe  Bxed  in  the  hole     ... 

» 

Gas  space 

2     0 

The  hole  parallel  with  the  etcaU 

Cover — depth  of  hole  from  surface 

1,228  feet. 

Distance  of  hole  from  shaft          

8,530  yards 

Descriptiun  ftf  gauge  Hsed 

Bourdon's. 

The  hole  vms  made  tij^ht  in  the  same  way  as  in  Experiment  No.  1, 
except  that  only  ouc  foot  of  India-riibtwi-wnaliers  was  used;  these  washers 
were  screwed  op  and  expanded  so  as  to  completely  fiU  the  hole,  tha 
outer  end  being  filled  up  with  Poi'thmd  cement.    8ce  Section  Ko.  3. 


0A8  or  THE  SOLID  COAL. — EPPLETOX. 


in 


THE  EXPERIMENTS  MADE  AT  EPPLETON  COLLIERY. 
The  Eppleton  Colliery  was  KjK'iied  out  ubmit  tlic  yvnr  1«37,  43  jr«»ra 
before  tho  pxperimcnis  varp  niiiiK',  tJic  folltiwiiif;  Iwsiiig  the  ac-oonnt  of  the 
Bti-atft  simlc  through  in  the  Jane  Pit : — 

TOWXBHIF  or  QKIAT    CPrLIXOfC,   orRHAX. 


Shwt  21  of  Onliiftupit  ll«p.     I.nt.  5  C  ^IK  40",  Li>!*.  1'  2B'  1". 


Bff!»t  Vav  QSrd,  ISiS. 
Apiirmimate  aurfsce  Ivvvl  W>  fvct  nbinu  *v»  (OntniuKe  <bitum}. 


aoU 

Sand  uid  ^nivol 

liiinotAne 

Vulliiw  Mitil  [irnl«r  ^I't 
iinr  t1i«>  bottntn, 
whiHi  in(.TriL«ctl  U\ 
6  ttib*  of  IK]  g&tlond 
MI  huur)'    ... 

CaatoMdport 

Gny  mrtKl  Rtono  ffint 
wMlgiii|j;crib  tniil  at 
lop  uf  gTuv   lurlal) 

Red  metal.  i>Uh  vaUT 

BUck     buid,      with 

Soft    rrd    niL-bil    «.nd 

W-|lt«T 
Sutt   Wll*  DIL-tAl.  with 

w»tpr  (»*r»iiiJ  w«l((- 
mg  VTih*  Iftid  iilH'iit 
3Vfatti»in4lritutbb 
bfuo  iiicLaIJ 

H'hitintmiB,  with  wa- 
ter (IimI  70  liib*  of 
60  pdlon*  jier  limir) 

BSaok  niL'tfil.  with 
watpT 

COAL         

tirey  tliill  (third  w«dg- 
iiifc  vnh  kill  nt  thit 
tllill.  will  «lupt>i-il 
tie  whole  of  the 
vrtXtt — hull  ill  nil  3G 
tuba  af  NO  galLiiiu 
IMclioiir) 

White  jKMt  ifgca  ■ 

litUe  wftter  in  thia 
part) 

Salt  red  wi-tHl 

Grey  and  rett  [uxt  (nn 
entrriiifc  thiri  jH»t 
the  liirjre  fpeilt-r  imi» 
got,  and  waa  drnwii 
out  of  bottoTB  with 


Al  n.  In.  h.  rv  In. 

0    1? 
4    3    0 


0     0     4 


3     1   II 


II    0    6 


0    0    6 


50    0    7 


0    0    s 


Ckrri«d  forwani       I    2    5  SO    0    7 

»0L,  XXI.-1>«I. 


fk  rt.  In.  Ti.  n.  u. 

Hmitglit  forward    1     2     5  CO    Q    7 

gi»  ;     ptiiniiH    w«rc 
tliL'ii  jiiit  ill.  and  uL 

6  fllthoIlK    illtl>    [Hwt 

bid  fourth  crib :  thit 

vratcr  wu  nnl^  pnr- 

Ijullj  >topiMid>  ...  10  0  0 
Soft  bluv  nivt»l  ...  0  0  6 
gntt  bbck  tnirta]  ...  0  0  6 
Dlu*!  met*],  with  bwida 

at  eoal        0     3     4 


Omy  motal  xtimo,  with 
]KHt  (rirclli^  un>l  wA- 
tiT  (laid  twu  inon 
criliA  ill  thitf  metal, 
and  *to|>p«l  all  the 
wnt«r)        

Itlnuk  mvl-al  ...         ,,, 

Grry  Iliill      

COAL,  niid  a  drift 
dru't'ii  tliroiiKh  to 
Caroliaa  Pit 

OrtytlitU     

Grey  poirt,  with  wst«r 
(uut  wiHti^n^  crib 
laid  nn  tliv  bcittAin, 
uikI  tubhiii);  all  ((lA 
hi,  bat  not  H^nlK^O, 
owiritr  t"  the  hritak- 
iit]c  "f  ninlli-abtc 
irun  ulinfl ;  llii*  crib 
afl4'['wanU  cut  nut, 
■lid  inctsl  Mib^ti- 
tiit.'d) 


13    0    9 


0    2    0 


0    10 


3     8     7 


0    3     7 


0    4    7 


Total  dv'plli  lu  wWt! 
J«fl  off  1;.  l.SL'7. 
whotttfaewatfro^tM- 
poworwl  til  It  »n- 
ffiiict.  uid  ui  mes* 
surud  whun  reaunifd 
ouN'm-.]5tli.lH31 

CarrlMl  forward 


ee   3    8 


^^H          172               cxPGSiueyn  sqowino  the  pRBSsintE  op         ^^^^^^^H 

^^^H                                         ri.  n.  i&  iTi.  pt.  In. 

^^^H                      Bniuffht  formutl                      OS    3    6 

^^^H             Strouti      wlnt«   n  In. 

^^^H                  poet 

^^H              Urnrk  post 

^^^H             Stnrrifi     vb!te 

^^^B                poat 

^^H                             -•-  1    1   1 

^^^H              Stiong  grty  mc1«l  to 

^^^H                wadfUiff  crib,  whicl 
^^^H                 OMD«d  tbt*  n-hnlc  of 
^^^H                 tbc  w«t«r                      0    3  11 
^^^H            Ok;  mmal                     0    3  10 
^^H             BtwtnttAl 
^^^H                                            III 
^^M            COAL           ..    0    tl 
^^H             Baiid 
^^H            COAL                0    3 

^^H                                            0    U    6 

^^^^^1                                                                         fi   li   Ci 

BroDi^it  fomwrd 

Tliill  %taa»,  in  which 
went  Uid  turv  inetal 
wed^n^  rriha  tlnat 
carried      ^1      the 
f«<d>en      

0»y  iiJid  white  p<Mt 

Orcv  mcUl    .J 

White  poat,  with  wft- 
t«r  (aboat  SOO  fial- 
latm  per  minnti^) 

While  110.1,  with  big* 
tnrtal  parti  iv«,  nvrj 
thin 

Bin*  tnftal 

White  [MMt,  with  ttro 
tJilii      blue      inctal 
nrtinp  (out!  at  tlw 
IntloTuI 

COAL 

h 

0 
0 
0 

0 

5 
0 

i> 
0 

rtiK  »• 

01 

2  4 
1  10 

1  10 

1  10 

3  ^ 

0  6 

2  111 

1  11 

7 

^^H              White  IbiU 
^^H              Pu»t 
^^^H            Vtry      ttroug     ^tvt 
^^^^1                  tnrtnl,   mitnl    witli 
^^^^1                    trbiu  mid  irDtiatuim 
^^^^1                  IftnlloH,  iiimi)  wliirli 
^^^H                 •  crib  (w»nd)   iru 
^^^^B                 Ikid.  lint  ofli-muxl* 

^^^H                    cut  tiut       

^^^1             Blui-ttone     10    3} 

^^^H            Bbirk  Dtonc                .    0    0    & 
^^H            COAL                           0    0  10 

Bl«rk  ntoiio                 .  . 

ftTiiU'  tliill 

Or»y  thill,  in  which 
two  wfdfrintf  crib* 
wvre  laid  to  oarry 
and  tubofftlumtar 

Orj  metal  (enntiiMied) 

Poat,  with  tlireadi  M>d 
watCT 

Blau  Htutu) 

Stmng  pn»t 

Piiiii,    with    (larLing* 
and  wYli>r  (ahniit  BO 

mlLnn*  n  uiinnlc)  . 

COAL 

1UU 

Qrcy      luotal,      with 
tliTVMln,  U>  wlicrr  a 
wcd^tiK    crib    was 
Ukl  for  lliv  purpuw 
of  Mcurinii  the  ^t 

tivtj  nuita)  (continued 
briuw  the  crib) 

Ulack    metal,    aiUed 
with  poat  girdles  . 

Rlark  itune 

COAL 

Tliill  ...        

Rwtal 
Strong    poat    to    two 
meUl  wcdipnf  crib* 

Canird  forwanl 
rel  (t>rdiiatM-»  daliiin). 

0 

0 

0 
8 

0 
0 
1 

H 
0 

0 

0 

U 

£ 
2 
0 
1 

1 

0 

1    0 
»    4 

4  11 

1  0 

5  9 
0    8 

a  4 

2  !4 
U    4 

13 

3  S 

0    3 

3  U 

0  s 

4  0 

1  0 
0  10 

a  7 

Z     6 

^^M       ■      Thill  lUioe                      0    1  101  ~    * 

^^^K                Po«t|    to    wlipra    tn-o 

^^^H                tneUl  wi'dKiiiKeriU 

^^^H                wmv  kid,  the  vmUf 

^^^^H                 had  Uwii  tMcuniulat- 

^^^^H                  injC  fur  tlie   last   6 

^^^H                all  liontc  111! 

^^^H                  eTib,«idt]ic|iiLkept 

^^^H                  <|dIU>    drj — mi^ne, 

^^^^^                 1  Mraki!  in  abinil  6 

^^^B                 ininiitr* 

^^^^1             Port  (ciinUnu«titiu  uf 

^^B                 tbc  above)                      1     1  lOi 

^^^H            Qkv     metal.     inix«<d 

^^^H                with  whin            ...    0    2    S 

^^B                                                ...    0    4    84 

^^B             BlucitMHal      14    0 

^^H           COAL               1    » 
^^H            B«>id              .      0  11 
^^H            COAL           ..    % 
^^H                                        0    4    &| 

^^^^1             (AdriftdriTentlire«|^ 
^^^^1                 to  CaroUma  Pit,  and 
^^^^K^^         gol  water). 

^^^^^1                 Carried  furward 

^^^^^^V                                             *  Apprmimate  dm  lei 

■ 

0    S  lOS 

sat      B 

BAS  IN  TUK  SOLID  COAL.— BPTLKTOK. 
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RmBf;lit  fnruard 

Pout.  viTV  e\rar  uiiil 
»lro[i|t.  wiiUuut  tuij 
water  {drw  tbe 
piimpk  nftfir  fliii«b- 
init  the  Wl  tub)    .. 

Grcv  nicUl,  with  nfi«t 
girdln,  in  wnich 
thert-  wer*  throe 
leaAenol  dvhpR,  sji- 
wircntlj  dipping  tn 
W«iit,  and  very  utift 

Bill*  met*]    . 

COAL— ni-«-<;iittr. 
/■rr  •Sronr^with  ftbout 
2n  inrhci  of  couM 
/i»p  roof,  Biid  eoarf 
eoai  at  the  bnttom 


Black  thill     .. 

Vfirj  «tmnf[  ((rnj  m  H«l 

tronNtiHie  Kirdlc 

Whlu>  thill  fitoiw  and 
KifMnr  clar,  nillcd 
vritn  grrj  ini^l 

Grey  mcUil    . . 

Klark  nii<tA.1 

COAL,  raiud  nibh 
Btone        


Tkin 

Blnr  and  sre  r  metal 
COAL 


Strong  s;n^  mrlal.  in- 
clining to  |)Olt 

Whit*  iKisI,  al:  bottom 
of  which  a  linidpT  iif 
a  dyke  »'«»  din 
oetvtnA 

Qrej  mrtjd 

COkL—  Fitt-qnar. 
ter  t'fnm,  in  t^hich 
ii  a  troiiMr  riiiiifi 
to  <-n»t  -t  Trvt 


ThUl  , 

Black  Btnnr 

Orrv  itii^l,  with  po«t 
ainih'n 

Fo*t  

B1«ek  Rinne  ». 

Or*T  metal 

kP™i  

lOrer  in«tal 


ri  rv  In-  ri-  Ft.  in- 
0    0    f>  108  8  M 


7    2    T 


10ft 


20    5    0 


0  I  10 

1  1    9 

0    0    i 


2 

2     7 

0 

o'a 

0 

1   10 

0 

fl 

0 

2     6 

1  10 

n    U 

2    I    n 


4     3    0 


I    1    5] 


0     19 


»    0    s 


flroii|iht  forward 
BliiP  •Ion'- (much  dU- 
tuT-lwd  and  broken, 
and  at  ahont  3  fa- 
thom* in  In  it  gai 
tlw  Imdi-r  <>f  a 
tnniblc  riling  to  ttie. 

R«i)         

COAL  {tttppatrii  Mat'm 
Coal,hnlimlj  tniiaA 
on  the  wcrt  ride  of 
the  luidDr  ^t  in  the 
blue  done  sbov?)  ..     1 


r*.  pt  iiL  h.  n.  tn 

7    2    U  IS4  1  0| 


6    S    1 


0    6 


Curifd  iomiA      7    2    9  13-t  I  Oi 


V«rT  mild  hliir  tni'lal 

5 

6    6 

A*ip  Main  Seam— 

tn.  la 

COAL, Rood    5    6 

Bluck     nwarl    0    3 

COAL,  bot- 

tom       ,        1  10 

■ 

1 

I    7 

RLai^k  ittono  . . 

0 

0  a 

Orey  motal 

i 

2    8 

Port 

0 

1    1 

HIack  ttton* 

0 

1    t 

COAL,  uplinty 

0 

S    t 

Bluck    ktonc.    iiii!i«t 

with  coal 

0 

3  10 

Ow>j  metal    .  . 

0 

1    0 

Simnu  piirt,  with  gnr 

mi^tal  )>tu-tiiipi 

8 

3    B 

Blue      iii(!la1,     miird 

with     Ki'PJ     metal 

jrinllc 

1 

1    0 

Ytty  »oft  hliirk  mftal 

0 

5     4 

COAL 

0 

n  1(1 

Black  thill 

(1 

s  in 

Whit*  po«i 

n 

n  6 

Orey  ini'tal 

0 

1     A 

White  IK«t{nftl!«l  off) 

n 

i     8 

flrry     TMfltul.     niiTi.ll 

wlilj  ].u«|  ^idlet 

I 

3     i 

BLiick  clone 

0 

0    P 

Ft    In 

COAL                0    7 

nmul                     0    2 

COAL              0  U 

0 

1     8 

18     6     « 


7    11 


4    12 


S     3     (1 


a   a   3 


Blaok  >it<»ie  0  I   10 
On>.¥     metal,     wticd 

with  post  girdlm...  0  S    6 

Orwjf  metal  0  S    6 

HTiin.niUcdwllHpoit  0  2    4 


Ca:ri«d  forward      2    0    2  166  S  44- 


174 


EXPSaUIEKTS  HIIOWIXO   THK  PBX&SUaB  OP 


r*  Ft 

In   Ft 

PI 

Tn 

rk  nin.  rt  Pi.  ra 

Branrht  forwitrd 
One*  111  vial 

i    V 

X  lt>H  8 

H 

Broti^ht  fanrafd 

17-1  3  10 

0     1 

(! 

Kuai  hflow  ttam 

iM 

llturk  ■Uiii« 

0    0 

8 

tmmp  1 — 

(Irry  inctul 

0     I 

Q 

RUi'k  tUnte  ... 

...     0 

0 

6 

Whid-miiM  witli  [unt 

0    0 

6 

TiiiU 

...     0 

s 

0 

Orct      metal,     tntxwl 

(Ite^  m«t«t   ... 

...   t 

* 

9 

TiLh  (wtt  girdtct   . 

1     0 

6 

JIbckstaiM  ... 

...    0 

0 

8 

Blue  (tone 

0    0 

9 

0 

0 

fi 

1)1  ark  ntnlir 

0    0 

« 

TWU 

...    0 

8 

0 

HUTTON  SEAM- 

BRA 

Pv  In. 

^^          0          V          V 

COAL.fTonil    3  llj 

COAL,i<«lr«0     0 

0    4 

St 
—     B 

2 

8* 

ndu ...     

0    1 

e 

n.  Id. 

COAL,  cnarw 

■till  liraittiT-..    0    ft 

COAL,  GOKrw    0    7 

0     1 

1 

:: 

9 

TntAl 

orwonl 

Ckrrkdf 
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ITS    2    S 

The  tthiilo  <>f  tho  exjiorinietilB  wtTe  made  in  the  IliiUoti  Scam  at  a 
point  alwmt  4,000  yflHa  norlli-ciwt  fW»m  the  uliall  mid  SUC  yards  frtim  any 
wholv  wc'i'kiiig  or  ^oaf,  thii  dip  vf  t-liv  stnila  being  towanlB  Uiv  east. 

The  roof  Ik  comiwsed  of  l>Iiio  and  (jroj  niotui  mixed  with  poat  ginflen, 
and  is  modemtclj  good.    The  thill  is  of  soft  seggar  clay. 

The  wal  is  clt^ar,  very  Itrighl,  l)Ltumiiiuu8,  aiid  mudi-ratcly  hard,  with 
the  cleavafrc  tairly  defined. 

The  wbI  is  not  worked  in  my  scam  either  above  or  heluw. 

Tlic  following  is  aa  nnah"BiB  of  the  conl  :— 


FimI  carlxm  

Matlere  xolatile  at  a  rod  heat,  other  than  sniphur  and 

moisture  

Sdlphnr       

Ami  ...         ■•  •■•         ••■        ...        •••        ••• 

Moisture      


The  Bpedfic  gravity  is  1-24. 


60-84 


100-00 


176  EXPERlHENTti  KHOWIKO   TIIK   ntBSJgUKR  OF 

COKPITIONS. 

rt    !• 

Tbr  length  of  the  borehole  vas 3     6 

The  diameUf  or         „  1} 

The  diameter  of  pipp  fixed  in  the  hole | 

Gas  space 2     0 

dole  bored  about  6&  dcg.  U>  tlie  cleat. 

Cover — depth  of  hole  from  Burfacc  1^61  fbet. 

Diswnw  of  hole  fmm  shaft  4,000  jtidt. 

Dp«cript  ion  of  gauge  used BoordonV 

To  mnlce  the  borehole  M>ciirc  and  gu  tight,  «  irooden  ping,  pre* 
Ticnuilj  bored  to  receive  the  halMnch  iron  pipe,  was  driven  into  tb«  hole, 
and  firml;  wodged  in,  the  outer  end  being  covered  with  Portluid 
cement.     See  Section  Xo.  S. 


nesULTS.— Sm  TuLB,  Paoi  tSff. 

Aug.  29. — At  6'-(0a.3I.  the  prMsiuc  gauge  wu  screwed  on 
to  the  pipe,  nnd  iho  pressure  was  observed 
and  noted  at  intervids  varying  from  three  to 
^VK  luiniite*. 

At  8'58|  A.M.  the  presinirc  vue  ...         ~. 

A  stead;  incrca^-  followed. 

At  D'Sti  A.H.  the  gauge  registered      

At   10  A.H.  the   mtiximtim  vta»  reached  and 

noted,  namrlj         

Aug.  30. — At  I'SO  A.X..  the  gauge  was  taken  off  a  short 
timoand  liicn  licxcwcd  on  again.  In  ttiirty 
minntca  the  prc«Bara  rose  to  

The  experiment  was  then  discontinued. 


4S 


BXPEHIMENT  II. 


On  September  1st,  1879,  a  bote  nas  bored  in  the  solid  ooal  at  the 
rac«  of  Xo.  a  CroBBcnt.    Sec  Plan  Xo.  I,  page  175.  aiid  Hection  No.  *. 


fU«TtD:'  Xo-  1 


l_. 


OAS  ni  Tint  80UD  COAL.— EPn-ETON,  SO.  2. 


J77 


CONIUTIONS. 


n. 
7 


la. 

6 

u 


The  length  of  the  borehole  wm 

The  dtameler  of  „  

AJlfmardB  enlarged  to  2  incbos  for  i  feet  in  length 
at  OQter  end. 

The  diameter  of  pipe  Hxed  io  the  hole     \ 

Gas  sjiaoe 2    0 

Hole  bored  about  G5  deg.  to  the  cleat. 

Covers-depth  of  hole  from  aarfacc        1,201  feet. 

Itistaiioe  of  bule  from  shad        9,970  yarda. 

Descriptiua  of  gauge  used  Bourdon'i. 

The  pipe  in  the  hole  was  made  tight  bj  16  inches  of  lodia-rubber 
woalicrs  being  Bcrcn'ed  np  and  expanded,  the  outer  end  of  the  pipe  beiog 
fiUed  up  and  plautered  over  with  Portland  cement.     See  Section  No.  4. 


Bnvin.— Sii  Tuli,  Paoi  227. 


Sept.    1.— At  9*50  A-«.  the  gauge  woa  screwed  on. 


„      At  10*5  AJI.  the  prcesQTO  was  

„       At  10-12  Aji.  „  

Some  leakage  vae  obeerved,  and  the  India-rubber 
was  Bcremd  tightcr,and  more  cement  pn  t  on. 

„       At  1014  A.1I.  the  pressure  was         

„        At  lOlOA.M.  „         

The  presBurcs  were  read  off  and  noted  at  timei 
varying  from  three  to  twelve  minutes. 

„       At  4  P.U.  the  pressure  noted  vraa      

Then  eiuiued  a  decrease,  rendings  being  taken 
every  hour. 

„         At  10  p.u.  the  prciisure  read  off  vraa 

This  vim  followed  by  an  increase. 
Sept.  2.— At  8-22  P.M.  (k'ing  34  hours  22  minutes  from 
the  commencement  of  th«  experiment)  the 
maximum  pressure  was  reached,  namely  ... 
Various  fluctiiattotiH  then  cnuued,  the  prcssorca 
inereMing  and  decreasing,  and  never  giving 
the  same  readings  for  more  than  three  oon* 
secotive  hoars. 


Lbi.  p«r  K.  Ineb. 
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104^ 
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E>TCMiin; 

Sept.    3.— At  is  P.M.  the  preeaure  wm  ... 

... 

... 

98 

otQwM. 

Sept.    -l.— At  1  AJL             » 

... 

... 

98 

At  8  A.M.                  „ 

... 

... 

90 

Thia  preunre  vaa  mAintaincd  up  to  September  5tb,  at  4  A.H.,  bein|; 
S  days  18  hoarB  and  10  minutes  from  the  oommencemail,  when  the 
experiment  wmtdiacootioued. 


PImi  No.  5,  being  an  enlargement  of  a  portion  of  Plan  No.  1,  ihowing 
the  winning  croiscuts  in  which  the  expcrimcnte  were  made. 


EXI'KUIMHNT  III. 


On  September  fith,  1879,  a  hole  was  bored  in  the  solid  ooal  at  the 
&oe  of  No.  4  Winning  CnMcnL  Sec  Plans  Kofl.  1  and  2,  and  Section 
No.S. 


aKTim  5fl.  >. 


SOLID  C0Atr-^^Wl*I,BTON%  SO.  3. 
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CONDITIONS. 

n.       la. 

ThE  length  of  the  borehole  wa3 24     6 

The  dianiftcr  of         „  ^J 

The  diameter  of  pipe  filed  in  the  hole | 

Gas  &paco 4    0 

Hole  bored  about  (>5  Avg.  to  the  cleat. 

CoTtr— depth  of  holo  from  surface        ],2C1  feet. 

Distance  of  hole  from  shaft        S.!>70  yards. 

Description  of  g(i,ii<;;e  used  Bourdon's. 

To  make  tliis  hole  perfectly  tight,  3  feet  6  inches  of  India-rubber 
waahers  were  pat  on  tlio  inner  end  of  pip.  then  a  12-inch  wooden  washer, 
then  S  incheii  of  India-rubber,  and  then  12  inchca  of  woi>d,  and  so  on 
neailj  to  the  oater  end  of  the  pipe.  The  wholi'  of  tliia  was  screwed  up, 
and  the  Tndio-rubber  expanded,  the  outer  end  of  the  hole  beiii<r  filled 
with  uement.  The  whole  face  of  the  coal  waa  then  ocmonted  over.  Sec 
Section  No.  £. 

RESULTS. 

The  readings  will  be  fonnd  iit  extenso  on  page  228 ;  but  such  of  thcin 
as  arc  necc^nry  to  illnstinte  the  rcmnrks  which  follow  are  given  in  the 
following  table  : — 
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Sept.    5. — At  11  AJi,  the  gauge  was  screwed  on. 

In  tiiro  minutes  the  pressure  rose  to 

The  gauge  was  very  nttcntivcly  observed,  and 
ceadings  not«d  at  times  varying  fi'ombalf* 
minute  t.u  three  iiiinntes. 

The  pressure  roBC  rapidly,  08  much  as  &  lbs. 
in  thre«  minutes  at  the  commencement  of 
the  experiment,  and  tn  1  hour  and  51 
mitiiites  120  lbs.  pn-seure  was  readied,  the 
ratio  or  rise  being  1  lb.  in  three  minutes. 

The  gauge  coutiuned  to  register  increasing  pres- 
sures until 
S«pt.    C>. — At  b  A.U.,  18  hours  from  the  eommenccmcnt, 

nhou  it  was  

t.       In  tliQ  next  two  hours  (G  and  7  a.h.)  it  was ... 

4,  At  o  A.M.  ••>  •■■  *«•  •••  **■ 

AtSP.M 

„        At  8  P.» 

Increanng  pressures  ngnin  ensued.  The  rend* 
inga  were  now  recorded  regularly  every 
hoar,  and  showed  that  the  gauge  remaiQed 
stationary  for  aevcral  consccutiw  hours, 
with  nn  oixrasional  rieo  or  fall  of  1  lb. 
Sept.  8. — ^At  6  f.H.,  3  days  7  iiours  fruni  ihe  ooninicnce- 

ment,  the  pressure  vm     

This  was  fulluwed  by  decreanng  pressorcs  nntil 
Sept.  9. — At  6  i.u.,  when  the  pressare  was       


19» 
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III  order  to  ascertain  whether  the  various  fluctuations  indicated  by  the 
gauge  were  cauaed  by  atmospheric  changes,  a  baruineter  and  thermometer 
were  obtained,  and  their  readings  noted  with  thoce  of  the  prewore  gauge. 

It  will  Iw  observed  that  the  pressure  fell  to  301  lbs.  in  seven  bonra,  at 
which  time  the  liaromcler  was  80*70,  and  the  thermomeUT  7S  deg.  The 
preasDrc  then  rose  to  S03}  lbs.,  and  the  bftromctcr  to  30'7S  inches;  th« 
thenDomctur  falling  to  72  dcg.  After  which,  the  presure  decreased  and 
went  down  to  203|  Ibi. ;  then  rose  to  20S  lbs. ;  and  again  went  down  to 
20S  lbs.,  at  which  it  stood  several  hours.  The  barometer  continned 
steadily  rising  through  all  the  above  Suctuatiuus  of  pressure. 

On  September  1 1  th,  at  8  A.S.,  A  da^  1 G  hours  from  the  oommenccrocnt 
of  the  experiment,  the  readings  were:— Gauge,  202  lbs.;  barometer,  30'7S 
inches;  thermometer.  71  degm-iL 


After  that  a  regular  and  Bteiuly  decrease  of  preware,  with  Tailing  baro- 
metrical  rondiugs,  cnsned,  which  conLimied  several  hours  j  then  the 
haromctcr  began  to  rise,  but  the  gas  prctwiire  continued  to  fall.  The 
baromekr  rose  at  11*0  A.11.,  tSo*  ^^^  Btood  steadj  throe  honrs,  at  S0"65 
indiCB,  the  gng  pressure  remaioing  the  same,  namely,  SOO  lbs.  la  the 
next  two  hours  the  gas  pressure  rose  t«  iOl  lh«.,  and  the  barometer 
dropped  to  SO'US  inchea :  th«  Kveral  reudings  being  at  this  time,  Sep- 
tember Ittb,  &  P.M.,  6  days  4  hours  ft'om  commenoemcnt : — Gauge,  201 
lbs. ;  'hammcter,  30-63  inches ;  thcrraoraetcr,  "I  degreea. 

A  steady  decrease  in  the  gas  pressure  now  followed,  and  continued 
seventeen  hoars,  the  barometer  slowly  foUiiig  the  whole  time :  rcodings 
at  this  time,  Septemljer  12th.  8  A.M.: — The  gauge,  1D8  Iba.;  barometer, 
SO'SO  incJies  ;  thermompt^r,  7^  degrees. 

In  the  next  seven  hours  the  gas  prefisiire  stood  at  199  lbs.,  the  barometer 
slightly  varying  every  hour — Bomctimcs  rising  ntid  Bometimea  falling.  The 
readings  noted  one  hour  aft^r  thia  time  were  as  foUowB  i^Soptcmber  I2th, 
4  P.II. ;  Gauge,  li)S  lbs.;  barometer,  3031  iuches;  thermometer,  71  deg. 
The  preaenre  remained  at  198  lbs.  for  twelve  hours ;  during  seven  of  these 
hours  the  barometer  stood  at  30'Sl  inches;  then  began  In  rise  a  little, 
and  at  the  end  of  the  thirteen  hours  the  rendings  were: — Gauge,  I  ^8  lb«. ; 
barometer,  S0'41  inchcH;  thermometer,  71  degrees. 

The  neit  two  hours,  the  gas  pressure  fell  to  1 9S  lbs. ;  then  rose  to  197 
lbs.,  at  which  it  stood  for  nine  hours,  the  barometer  steadily  rising  all  the 
time.  One  hour  alU-rwarda,  the  gas  pitssure  fell  i  lbs.;  the  readings  at 
this  time,  September  13th,  i  p.m.,  were : — Gauge,  195  lbs.;  barometer, 
30-54  inches;  thermometer,  71  degrees. 

The  gus  pressure  fell  2  lbs.  in  the  next  two  hours,  then  ram  1  lb.  in  the 
neit  hour;  the  barometer  continuing  to  rise  slowly.  These  fluctuations 
were  followed  by  a  steady  decrease  of  pressm^,  which  coutianed  for  fifty- 
three  hours,  the  barometer  rising  slowly  the  whole  ol'  the  time. 

On  September  I5th,  at  11  p.m.,  the  several  reiulings  were  : — Gange, 
185  lbs.;  barometer,  SO'86  inches;  thermometer,  70  dog.  Tn  the  neit 
hour  the  pressure  rose  to  186  lUi.;  the  barometer  and  thermometer 
remaining  the  same. 

The  pressure  was  now  steady  for  five  hours,  the  barometer  still  rising, 
then  succeeded  (with  only  one  intermpuon  of  two  boars,  when  tlie  prt'ssure 
rose  fmm  18fi  Iba.  to  186  lbs.)  a  steiidy  decrease,  ooiitiuuirig  for  thirty-one 
hours,  the  barometer  rising  a  great  jmrt  of  the  tiitie.  Tiic  reaJing»  at 
this  time,  viz.,  on  the  17th  September,  at  13  noon,  wore: — Gauge,  180  lbs.; 
barometer,  30'86  inches ;  and  thermometer,  71  degrees. 
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80-85 

70 

181 

80-86 

70 

180 

SO-85 

70 

Dtiriug  Ui9  whole  of  tliis  eipeiimcnt  the  readings  were  taken  ererj  honr. 

One  honr  after  the  nbove  readings,  (hat  is  on 
Sept.  17.— At  1  P.M.,  a  fall  of  8  Iba.  occurred 
The  pressure  then  etiMid  3  lire. 
t.       Then  at  ■!  P.M.  it  rose  to 

n  »i         "      ft         n 

»»  n         w      11         t>  ••• 

At  this  point  the  gangc  was  screwed  off  and  the  pipe  nlloved  toremun 
open.  After  the  gaugi;  vths  a^'uiii  atiucbed,  the  preseaa-  rose  in  nineteoi 
botiTB  to  170  lb&;  the  barometer  standing  at  80*88  inclics;  and  the  ther- 
mometer, at  70  dcg.  With  the  hnj-onictcr  steadily  rifiiag,  tlio  gBB  pnenire 
(with  one  or  two  exceptions,  when  there  wiw  an  increaw)  it«adOy 
dwreued;  bo  that  on  September  19tb,  at  10  p.m.,  the  readingB  were: — 
GAt]f>e,  If>8  lbs.;  barometer,  31-00  incKefl ;  thermometer,  71  degrees. 

From  this  date  to  8eptcm1)cr  Si^nd,  nothing  occnrred  rcqniring  spMud 
notice ;  a  Hteadj  decrease  invariably  went  ou.  On  Sept«mber  SSnd,  a 
somewhat  sadden  rise  took  place,  whicli  will  be  seen  from  the  following 
readings: — 

AaaCk.  BanaMcr.   TkMB^attM. 

Urn.  !■*»         Ilm.ii. 

Sept.  22.— At    9  r  Ji.  the  readings  were...    l&C^      30-60       73 

At  10  P.M.  „  ...     I&8        .S0*68        78 

„         At  11  P.M.  „  ...     161         80*&4        71 

The  barometer,  prcvtoas  to  0  PJi.,  was  steady  for  six  hours. 

When  the  presanre  reached  160  Iba.  it  remained  stationary  thirty-one 
bonnt,  the  barometer  slowly  rising  nearly  the  whole  of  the  time. 

On  September  S4tfa,  at  0  A.M.,  tlie  readings  were  : — Gauge,  160  ]bs.{ 
barometer,  80'29  inches;  thermometer,  71  deg. 

Nothing  requiring  notice  occurred  from  this  (ime  tip  to  September 
Mth,  at  10  A.M.,  when  the  readings  were  : — (tnngc,  155  lbs.;  boromctor, 
80*91  inchea;  thermometer,  70  deg.  The  borometcr  had  stcodily  risen, 
with  one  eiocption,  during  the  whole  of  the  obeerratiwis  between  Sep- 
tember 24tb  and  2Gth. 

On  September  Sfitb  no  regular  readings  were  noted  after  10  lh. 

On  October  Isl,  twenty-six  dayii  fVom  the  commencement  of  the  expert- 
mentj  the  prcasurc  was  102  lbs. 

MKASUREMENT  OF  GAS. 
A  series  of  experimentA  weje  now  made  to  ascertain  the  qnantity  of 
gas  giTcn  off  from  a  known  area  of  coal  face  during  the  time  thai  the  gas  was 
mainuined  at  prceaurca  varying  iVom  105  lbs.  to  that  of  the  atmoqifasre. 
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This  wae  done  by  allowing  only  such  a  qnantitj  nf  gas  U)  ffscjipc  fWirn 
the  borehole  as  would  k«p  the  tlfsired  prcamrc  nniforra  during  the  time 
of  measuremeut. 

The  following  rceatts  wcitt  obtained  by  allowing  the  gna  to  cscnpc 
through  a  pncnmatic  trough  into  a  glass  jar,  with  the  gas  prcsenre  at 
zero. 

Tho  capacity  of  the  jar  was  Gve  plots,  or  173'202  cubic  inches. 

ATe^l^:e  Ifms  (n  filling     33  seconds. 

llcing  ngitkl  to       1  cubictoot  inS  mtnuteB49ae4Uoda. 

Or Ifi-72  cubit!  feet  in  1  hoar. 

Siipcrfi'oin.l  *mio(  toir-hnli)  cjoa!  to    ...  2"BB  iiqii»r»  feot. 

Diacbargc  of  gii^  per  hour  per  square  foot  SV27  cubic  feet. 

Arrangements  were  mado  to  contiuac  this  part  of  the  experiment 
more  aocuratcly,  and  on  Octolwr  Srd,  rccourm  was  had  to  a  "Grail's  Dry 
tins  Meter,"  through  which  the  gas  wob  parsed  as  it  issncd  ftotn  the  hole ; 
a  small  gasometer  wtw  also  nsed,  having  an  exact  capacity  of  2  cubic  feet. 
Sue  I'latc  XLV.,  which  shows  also  the  arrangement  of  taps  by  which  tho 
pressure  was  regulated.  The  meter  and  gasometer  were  carefully  t«ted 
together  by  filling  the  gasometer  with  exactly  2  cubic  kvi  of  giie,  which 
was  then  pnes^d  through  the  drj'  meter,  and  tho  result  proved  the 
accontcy  of  both.  The  rosidts  obtained  with  the  gasometer  will  be  seea 
from  the  following  table  : — 

1.  At  miuftnvim  preftfiiire  of  10^  Ibd.  per  sq.  In,  prt  1  cab,  ft,  in  9  nann.  S  sees. 
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The  gas  was  allowed  to  posB  through  the  mftter  without  intermission, 
the  c]uantity  pasring  being  read  off  and  noted  about  every  twelve  hours. 
TlKse  readings  give  od  average  of  1  cubic  foot  in  eight  minutes  three 
seconds. 

On  October  Ifith  readings  of  the  barometer  and  thermometer  were 
again  noted,  and  the  qaantitieB  indicated  by  the  meter  read  oiT  every  three 
honrs. 

The  following  table  shows  m  exttnsff  the  results  obtained  bj  the  dry 
metcr^ 
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On  October  25th  the  measnrinK  of  gafl   with  the  drj  meter  wm     Qa»aUty 
reeamedj  when—  ***  '*■*• 

1 .  One  cubic  foot  passed  in  3  hoars  55  minutes. 

2.  „  (I  4     „       16        n 

3.  ,(  ji  4      n       it        » 

These  rcBoltB  were  compared  with  others  talcen  &t  the  pncmntttic  troogh 
to  teat  their  aocuracy,  with  the  following  rcBulls  : — 

I.  One  cubic  foot  pawed  in  4  hnun  11  minutes. 


2. 

fi 

•  t                           M                      '1           11 

11 

3. 

I* 

ft                   w               ^       » 

EXrEBIMENT  IT. 

0 

On  October  I3lh,  1879,  n  hole  was  bored  in  the  solid  coal  at  the  face 
of  the  atenton  oat  of  the  No.  S  Crosscut,  going  towards  No.  4  Crosscut. 
See  Plan  No.  2,  page  178,  and  Section  No.  6. 


HoJltou    Coctl     Sc-tim 


CONDITIONS. 

The  length  of  the  borehole  was    ... 
The  diameter  of        ., 
DiamrtcT  of  pipe  flsed  in  the  hole 

Gas  space    .- • 

Hole  bored  about  65  deg.  to  the  cleat. 
Cover — deptli  nf  hole  from  flurfacc 
Distance  of  holt  from  shaft 
Ueiwription  of  gaugf;  used 


...       6    0 

1,261  feot. 
3,970  yards. 
Bourdon's, 


The  hole  was  made  tight  tvith  vrooden  wnslicrs,  oakum,  and  India-rubber 
waBbcrs  alternately,  and  the  whole  screwed  firndy  up.  The  whole  of  the 
face  of  the  coal  was  cemented  in  the  same  way  as  is  shown  tn  Section 
No.  5,  page  178. 

On  October  ISth,  at  2  fjl,  the  gange  was  screwed  on,  and  the 
readings  regularly  noted. 
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EiPitiiniENTS  SKOwrao  TTTr  rmwsuRK  of 


of  Uw. 


RESULTS.— Seb  TAaii,  Pack  283. 


Itemwtet 


OotnixrlStb,  at  5  P.u.,lbo  readings  were        25        31*10  71 

„       16th,  nt  3  A.M.  (muximmii  pressure)     81         81  "06  70 

„       lOlh,  at  1 1  P.M.,  the  reiidings  were      29        30*00  70 

„       22nd,  at  10  a.m..  ,.  28        30-61  70 

It  was  suspected  that  ttiJH  place  vas  within  the  gas  drainage  of  l-he  N'o.  4 
Crosscut;  Iho  experiment  was  tbeierore  discontiaaed. 

KXI'filUMENTT. 

On  October  Uth,  a  bole  was  bored  in  the  solid  coal  at  the  face  of 
north  wall  out  of  the  Ko.  4  Crosscnt.    See  Plan  No.  3,  page  1 78. 


CONDITIONS. 

The  length  of  the  borehule  was 
The  diameter  of         „ 
Diameter  of  pipe  fixed  in  the  hole 
Gb8  Kpooe  ...         ...         ... 

Hole  liorcd  about  Ci  dcg.  to  the  cleat. 
Cover — depth  of  hole  from  mrfaco 
Distnuce  of  hole  Irom  shall     — 
BcKription  of  gauge  used 


n    la 


],2G1  feet. 

8,970  yank. 
Bourdon's. 

The  hole  was  made  tight  in  the  same  maimer  u  in  No.  IV.  Experiment. 


RK.HULTB.— 8ki  Taslk,  Pagb  235. 


The  gauge  registered  107  lbs.  within  a  few 
minutes   after    having    been  attached, 
and  on 
October  14th,  at  12  Ajf.,  the  readings  were 
„        „  12  P.ii.  (maximum  preflBoro) 

„       Kith,  at  10  A.ii.,  thi;  rcHdinga  were 
ji        ft  11    >i  jj  tt 


llinvirWr, 


107 

30-82 

70 

125 

81-03 

69 

11& 

sros 

69 

119 

8107 

69 

This  rise  of  4  Ibfl.  could  not  be  accounted  for,  onlees  it  was  caused  by 
water  in  the  pipe.  The  barometer  was  almust  etationarjr.  Varioui  oth^ 
fluctoations occurred  during  the  experiment;  sometimes  there  would  Iw 
a  rin  of  1  lb.  or  more  when  tlie  barometer  was  falling.  Throughout 
the  experiment  the  readings  were  noted  every  hour,  and  on  October 
a2nd,  at  10  aj*-,  were  ;— Gauge,  10*  lis.;  Iwrotuctcr.  S0'61  j  tfaor* 
mumeter,  71)  degrees. 


OAS  IS   TUK  atll^ID  LUAL. — KPI'LBTON,  NOB.  fl,  fi. 
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Tho  experiment  wan  then  discontiruiMl,  u  it  was  BURpcctod  that  tJus 
place  vaa  wilhiii  tin.-  giin  draiiiajjrc  of  Xo.  1  Crosw-'iit. 

Wlx'ti  ilif;  <»):i1  wiiK  KiibN'ipR'titlj'  Uikon  out  and  iae  inner  ond  of  the 
hole  exposed*  it  vtm  found  to  hnw  entered  the  roof  8  feet,  the  last  18 
inches  being  wholly  in  tix  stone. 

EXTIiniSlENT  VI. 
Od  October  I4th,  1879,  a  hule  ^vtks  Uired  in  the  solid  coiil  at  tbe  fun 
of  No.  S  Crosauut.    See  I'liiu  Ny.  2,  Piigu  178. 

OONDmOSB. 

PL       Li. 

Tlie  Icnf^li  of  the  borehole  wa«         37     0 

The  diameter  of  „  i^ 

The  diameter  of  pipe  fixed  in  the  hole         J 

Oa«  8pa«         G     0 

llole  bored  aboat  G!i  deg.  to  the  cleat. 

Cover — depth  of  hole  from  surface 1,261  feet. 

DiRtADcc  of  hole  frrmi  nhaft    ...  ..         ...         ...  3,£)'70  yarda. 

Bcsoriptiuu  uf  ^qiu{;u  used      Buurdoa's. 

The  hole  was  made  tight  as  in  No.  IV.  Experiment. 
RESULTS.— HKB  Tablu,  Taos  237. 

(IkBfa.  BuaiiMlu 

LM  iDBtlH. 

The  prosgnre  rose  fllmoet.  iRimediatcly  to 

19^  lbs.,  aud  on 
October  l-it!i,  »t.  7  r.M.,  the  readings  wwe...     1 98        31-02 
„       I6th,at&    „  „  ...     S18         81-08 

The  racreaae  of  preaeure  wm  constant  «p 
to    Uiis    time,    the  hai'ometer  uIbo 
showing  a  at«^y  ineR'ase. 
October  15th,  at  10  p.m.,  the  readlnge  wei-e    211        31-08 
11    „  „  ...    209        31-08 

„      10th,  Rt   S  A.M.  „  ...    210        81-07 

8  P.M.  „  ...     221         30-95 


BuaiiMIU,    rtiinnHMUt, 

l>f(I*M. 


Preman 

of  Uu. 


A  pressure  of  221  llw.  waa  maintainod  fur  three  hours ;  then  &  decreuBe 
eomnieuced,  which  went  on  for  28  huui-g,  tliv  harunieter  alifflitly  fHlliugraosl 
of  the  time.  The  readings  onOctoberl8th,at  2  a.m.,  were: — flauj,'e,218lb8.; 
barometer,  S0'G7  ;  thermometer,  69  deg.  After  this  hour,  the  pressure 
again  be^an  to  increaiM!  at  a  slow  rate,  rising  to  ^''22  lbs.  on  October 
lOLh.at  9  A.M..  or  i  lbs.  in  SI  houi-s.tlic  bantitieter  5i.illng  very  si  owl j 
vor,  ifxx-iyj  Y 


IHfl 


RXPRUlSIKNTt)  SUOWIKU   TUK   I-aEUHIinB  OF 


Qnantity 
of  LSuo. 


tbrongfaoQt  that  time.  The  prpfBtirc  after  this  ti^gnn  to  flacUiatc,  tame' 
timi«  reuiaiuhi^'  pcrfecil)'  eteudy  Tur  sevurul  huiiiis,  with  uii  ucuuiunaL 
riee  or  fall  of  1  Ih. 

On  October  32dcI,  at  1  a.m.,  T  daya  and  G  hours  lYom  the  cuni- 
meacement,  the  muimuio  presnue  vaa  reached,  the  readingH  at  that 
time  being: — Gauge,  228  lbs.  j  bannneter,  S0*71 ;  ihermomettT,  70  deg. 
This  prcsinrc  uiis  nuuDtaincd  for  twelve  fluoccfltive  hoim,  the  Imrotnctcr 
falling  very  alowly  the  whole  of  the  time.  A  fait  of  3  Ibe.,  which  oontinued 
three  hours,  thca  took  place,  the  barometer  having  been  steady  fire  faoan, 
after  this  the  preeeurc  ruao  to  SiZ  lbs.  again. 

On  October  23rd,  at  9  r.M..  the  meter  was  attached  to  awertain  the 
qaantity  uf  gns  given  off.  The  gas  wiu  allon'ed  to  pass  through  the 
meter  fur  twelve  hours,  and  the  readings  were  recorded  ever;  three  hunrs, 
viitU  the  following  resnltJi : — 

fWhUAol. 

9  P.M.  to  12  P.lf 1801 

12  P.11.  to    S  A.V 12  4» 

8A.1I.  to     R  A.M SCO 

C  AJT.  to     y  AJ* ^ «*S0 

Giving  an  average  of  1  cubic  foot  of  gas  in  17  mins.  43  hcs. 

At  1^  noon  nn  cxperimciit  van  moAa  to  test  the  meter  nnd  ascertain  if 
it  w&fl  regiBtcring  correctly,  by  passing  the  gas  from  the  meter  iutu  a 
pneumatic  trough  und  meomiring  it  iu  a  glass  jar: — 


Tin*  par 

tS-85 

14-41 
2093 

si-ca 


S-12 


M.    ft. 

:iia6 


Pr»«mirB 
ofOu. 


On  October  ?7tb,  ftt  7  rJi.,  the  prcffiure  gange  was  aciewed  uo,  and 
its  niodiiiga,  with  those  of  the  barometer  and  thermometer,  again  recorded 
every  honr.  omm.       w^m,M.  i^w.»». 

October27th,at7p.ii.,thereadiagBwere...  SO  S115  09 
.,  ..  a  „  »  ■•-  no  31-19  fi9 
„        „     11    „  WO        81*20        69 

On  October  SOth,  at  9  kM.,  the  prcantre  cootinned  to  iDCRaH 
nntil  it  TVflchcd  igS  lbs.,  and  the  experiment  was  diaoootinml  at  10 
A.H.  the  nmt  day. 


GAS  IS  THE   SOLID  CO^L. — KI'IM.EWX,  ^0.  7. 
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EXPEBIUENT  Til. 
On  October  lUl:,  187!),  ft  holo  wna  bored  in  (he  solid  cool  at  the  face 
of  No.  1  Croaecut.    See  Plan  No,  2,  page  178. 

G0NDIT10K8. 

The  length  of  the  borehole  waa         

Tbe  diamchr  of  „  

The  diameter  of  pipe  fixed  in  the  hole 

Claa  apace        

Hole  bored  about  SB  deg.  to  the  cleat. 

Cover — depth  of  hole  from  siirfuce 

Diatnncc  of  hole  from  sliflft 

Dtscriptiuu  uE'gaug»  i]S(;(l      

Tlie  hole  vhb  made  tight  in  the  same  way  aa  in  No.  IV.  Experiment. 


Fl.      In. 

47     0 
2t 
k 

e    0 

1,201  feel. 
8,y71  yard*. 
BoiLrdvu'e 

SSSULTa— Seb  Table,  Paob  2S9. 

On  October  1 1  tli,  at  (J  p.m.,  the  cxi>crimtnt  oiuimcneed.  The  pressure 
rose  to  70  ibe.  in  thirty  miuutes,  mid  contiiiut^d  to  rise  someivhul  rapidly 
until  it  was  182  lbs.  ou  Ocstobcr  18th,  at  fi  a.m.,  when  the  readings 
were: — OauRe,  182  Uib.  ;  barometer,  sr28;  theniiometer,  71  dGgrteu. 

On  October  lOtU.  at  'J  P.M.,  the  readings  were : — Gauge,  220  lbs. ; 
liunimeteTt  SOOO;  tberttnniieter,  70  deg.  The  gauge  continued  at  220 
Ibe.  for  nineteen  iionm,  and  in  the  next  three  hours  fell  Jl  Ilw.;  after  which 
it  ro8c  to  233  ll*.;  the  readings  at  tijis  time  (Octolier  25th,  5  a.M.) 
were  : — Gauge,  23.1  lbs.:  barometer,  30-47  ;  thermometer,  6fl  dogrces. 

The  incn;aatng  preasure  was  not  continuouB,  although  it  tVcciucntly 
remained  statinnary  for  many  suoeeiwiTe  hours  ;  fi..r  oxainple,  when  it  it-aclied 
S3]  Ibfi.,  it  rtniaiued  so  fuity-UirL-e  hours,  and  then  roee  to  2.32  Uir.,  at  which 
tt  remained  twenty  hours;  when  ib  rose  to  the  SS8  Iba.,  named  above, 
remaining  stationary  sixtj-two  houra  at  thin  prcMure. 

On  October  27th,  at  1 1  r.M.,  the  readiugs  were : — Gas  presBure,  285 
lbs.;  barometer,  srst);  thermonicler,  69  deg.  This  was  the  maximum 
prL'Bsnre  IK  days  and  5  hours  from  the  commencement  of  the  experiment, 
and  it  wa«  maintained  five  hours.  The  Ijarometcr  indicated  a  uniform 
preasure  during  the  greater  part  of  the  liijjtrimeut. 

On  October  S9th,  at  8  A.M.,  the  readings  wure : — Gauge,  SSS  lbs.; 
barometer,  3113;  lberuiom«tvr,  C9  dcg.  These  were  the  la&t  iH:udings 
retiorded  in  tiiiB  wixjiJineut. 


Pi-i'«iiro 


liK) 


EXI'lftLtJIUNTS  SliaWI.\(i   THE  I'KKHHtJUB  OP 


PraBuire 
<jf  Om. 


On  October  20th,  at  0  A.H.,  the  quantity  of  jjas  which  was  dincharged 
was  tncftftnred,  when  the  following  nsulls  were  recorded,  viz. : — 
Oct.  29th,atE*  A.M.,in  I  hour,  G-10 

cab.  ft.  passed  thruugh  meter...  =lcub.fl.iD  'Jmin.&Oeccs. 

Oct.20th, utlOP.M., ill  li'kmrfi ■1-02 

cub.  ft.  passed  through  meter...  =1       „        2hr».M    „      6    „ 
Oct.SOth.ftt9A.M..inIlhoiin!2-17 

cab.  ft.  posscd  through  meter...  si       „        Shn,  4    „     0    „ 

The  experiment  was  then  discontiaaed  U)  allow  the  place  tu  resume  work. 

KXI'KRIMKNT  VIII. 

On  October  S^ntl,  a  hole  w-as  bored  in  the  solid  cual  at  the  face  of  Nu. 
S  CroBBCuL    See  Plan  Nti.  2,  |mge  :78. 

CONDITIONS. 

n     In. 

The  length  of  the  borehole  was  ib    Ci 

The  diameter  of  „  Hi 

The  diameter  of  pi|ie  fixed  in  ihc  hole ^ 

Gas  space  6    0 

Hole  bored  about  G5  dcg.  tu  the  cleat. 

Cover — depth  of  hole  from  Burfacc     I,2GI  IbeL 

DiaCance  of  hole  from  sbafl      3.971  janls. 

Description  of  gaiigt- used        Bourdon's. 

The  bole  w»b  made  tight  m  Ihv  same  wsy  as  in  No.  IT.  ExpcrimeoL 


BESDLTB.— t^KK  Tablb,  Paob  318. 

LU. 

October  22nd,  at  1  a.m.,  the  readin^'B  were      75 
fi  ft  2    „  „  198 

V         «         5    „  „  200 

The  pressure  increased  slowly  tip  to  220 

lbs.,  the  barometer  rising  gently. 
On  October  SSrd,  at  9  vm.  the  reudings  * 
were 220 


DawNK.    ,_     _      _  _ 

80-60  Tl 
30-60  71 
80-6S        70 


80-6S 


68 


The  pTcasoro  continued  for  sii  htmrs.  after  which  several  amall  floctiw- 1 
tions  of  a  pound  up  or  down  occnrredj  it  then  iriuninwl  sleady  firsei-cnJ 
hours.  On  Oet«tber  24th,  at  4  r.M.,  2  dap  3  hours  after  IIk  oommeDn*- 
ment  of  the  experiment,  the  maximum  prcenire  was  nsnciiMl,  the  raulings 
being  Uien: — Gauge,  221  lbs.;  barometer,  80*47  inches;  thonnoroetcr, 
69  deg.  After  oonlinuiitg  tbi-cc  houm  the  pressure  felt  1  lb.;  and  after 
Mvaateea  hours  it  rose  to  221  lbs.  a^ain. 
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This  cipci-imeuL  wiw  charapterized  throughout  by  the  conBlantTaria- pn-wnro 


4 


UoiiB  of  the  [rt'cssurc.     For  example : — 

October  '^Tth,  at  4  p.m.,  the  readings  were    311 

Having  fallen  9  Ibe.  in  8U  hours. 

October  27tl],  at    6  p.m.,  the  reiidingB  were    210 


uf  Uu, 


*• 

^Sth, 

at  10  AM. 

H 

» 

12  a.m. 

>l 

n 

£P.M. 

» 

23tb, 

at    7  a.m. 

n 

II 

6  p.m. 

t> 

)f 

11  P.H. 

•■ 

SOtfa, 

at  10  A.H. 

Boon  Mir, 

IlXftM- 

Pumt. 

311 

31-12 

ca 

210 

31-13 

GO 

£15 

81-15 

69 

220 

31-m 

69 

208 

3117 

60 

21fi 

81*11 

69 

206 

31  18 

69 

214 

31-21 

69 

310 

81-29 

09 

208 

31-25 

69 

The  gauge  was  tiaw  taken  oflT.  and  the  gas  meter  attnchod ;  hot  the 
quant-ity  of  gns  iseuuig  Tk^iu  the  hule  was  nut  builieieot  U)  move  the 
index.    The  eJC])enmcnt  was  then  diacontiniied. 

Wlicn  the  ooal  waa  taken  ont  the  end  of  the  hole  iraa  found  to  bo  lA 
iudiea  below  thti  roof,  aud  therefore  wbollj'  iu  the  ooal. 

THE  EXPERIMENTS  MADE  AT  BOLDON  COLLIERT. 

The  Boldon  Colliery  was  opened  out  alwut  the  year  18C9 — U  yeara 
before  the  cxjiorimcuta  was  made.  The  foHowing  being  the  aucoiiiib  of 
the  strata  sunk  through  in  the  No.  2  or  Downcoat  Pit : — 

XOWJtSBIP  or  BOUMIK,  DCaOAM. 


Sheet  7  of  OrdiiMiOB  Majit    lit.  W  ST  15",  hmtg.  V  W  SO". 


CommeMvd  19th  JUarrh,  jmS.     .Sunk  U  BnuHam  Seam,  Jkm  7th,  1869. 
Appraximato  nrface  1«tcI  100  feot  above  tea  (OnlnHnn>  d&tuiu}. 
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The  followin 

IT 

is  an  BOHlysis  of  the  ooal  :- 

- 

Carbon 

•••        ...        .■.        ... 

...     79'58 

Hydrogen 

... 

...       4-87 

Oiygen 

.. 

...       5*21 

NitTO^n 

. 

...       l-fi* 

Solphur 

.. 

...       2"0« 

Asb  ... 

., 

...       5-5» 

Water 

" 

... 

...       1-15 

rtH_   -      _.      ^   ^  'C   _       ^_ f*.^     ■_      •  _AA 

100 -no 

Pkn  No.  a  ahowi-ng  the  position  of  the  workings  in  which  the  eiped- 
inents  were  made. 
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The  hole  WHS  Btemmed  aJternatcly  witb  uakam  steeped  in  cement,  and 
wooden  plugs,  to  a  depth  i>f  IS  fott !)  inchfs,  in  the  fulkuviiig  way: — Firet, 
about  an  inch  vt  dry  oakum  and  then  an  inch  of  saturated  oakum, 
followed  b,y  a  wooden  c7lind'cr,  and  so  on  oltcruately.  Tho  initennost  two 
(flinders  composed  a  ^igot  and  faucet  joint,  which  served  to  keep  the 
pipe  firm. 

Elevatiuu  No.  t,  ehowing  the  pusitiMU  of  the  fintl  thrue  hulcs  in  the 
faoe  uf  the  buai*d. 


.    n*'f/(ftf  i\M».. 


On  Maj  14th,  at  1-40  p.m.,  one  of  Schaclliii-  and  Budcnbcr^'s  patent 
steel  tube  gangcs,  registering  5U0  IIm.  pressure,  was  ptit  on  to  the  end  of 
the  pipe  t— 


May  U.- 

BBBITLTS.— Sec  Tablk,  Paob  S46. 
—At  1-40  P.M.         

u*. 

PW*1 

» 

2-SO 

„    the  pressure  rou  to 

... 

25 

t* 

2-50 

)•             11            11                ■■- 

... 

40 

■1 

6-00 

»                n               »                    ••- 

... 

100 

M 

9-00 

11                 n                n                     '" 

... 

SOS 

» 

iroo 

Al  thia  h 

t»                     11                    n                           •" 

our  the  boring  of  No.  3  Hole  was 

cnm- 

246 

mrnccrl,  and  on 

May  15.- 

—At  TOO  A.M.,  the  pressure  was 

... 

SI4 

» 

3-30 

11             »i            11     •■•        ••• 



S31 

„  At  3'4.'i  the  gauge  fell  back  2  lbs.  oveing  to  a 

sniflU    blotter   coming    off  at   No.  3    Hole. 
ThU,  however,  took  op,  and  un 

May  15.— At  6*00  A.1I.,  the  pressure  rose  to         

800  P.M.  „  ,,  


The  top  of  No.  2  Hole,  was  now  o]>enod,  the  prcesurc  run  ufT,  and  the 
meter  attached. 


Fr««ur« 
otOai. 
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IIIPKBIMESiTS  feHOWIXO  THE  PBCHSCBB  OF 


clOu. 


Qwuititj 
i><  Oiw. 


Lb*,  tm  m.  IbA 

Miy  15.— At  9-00  vx..  The  bonng  of  No.  8  Hdo  vaa 

etop[x.-r],  when  tin:  preHiitrc  was       ^73 

»         At  1 2-00  SOON,  the  presBure  vu         * 879 

,,  At  S'SO  A  ».,  thft  stemming  uf  No.  3  Hol«  -km 

commcDced. 
May  16.— At  +*00  a.m.,  the  prewnre  wna  ran  off  No.  i 
Hole,  and  the  meter  re>attacbed,  tlie  ])re»uro 

in  Xu.  I  rising  to SSS 

^  At  a-OO  X.K.,  the  prwwiirc  vm 882 

and  the  Atemmiiig  of  No.  3  Hule  complot«d, 
tlie  prcatun^  tlmn  rutimitted  ihe  same  till  1*55 
P.M.,  \v)k-u  the  >;nugc  was  taken  off. 
It  ii  JTiterorting  to  olwen-e  that  dunnji  this  experiment  in  Nu.  1  Hole 
the  pressure  euntinucd  Ui  nse  (liinn<;  moet  of  the  time,  notwithstanding 
r,hat  only  .'i  feoL  S  iiKrlu'K  diiitant  Xn.  H  Hi)l>i;  whu  in  progreas,  and  Lherefure 
free  to  allow  of  any  cftcape  of  (jas. 

On  May  ITth.  at  4*0  p.m.,  the  pressure  gauge  vrag  re-attecb«d,  and 
on  May  22nd,  M  1()*S0  a.m.,  registered  the  masinuim  presRure,  42.'i  lbs. 
per  Btiuarc  inch,  which  pressure  was  wntinued  miti!  May  ?.Mli,  »t  6"0 
A.M.,  when  ihc  j^nuge  wim  lakcn  off,  and  on  May  :j7th,  at  1*10  p.11.,  the 
pressure  jpiugc  vran  again  applied,  with  the  undermentioned  results  :— 

May  27th,  at  I'JO  P.M.,  the  proBSure  was :?» 

May  2Hth,  at  7  4&  a.m.  „  834 

,.  a-OO  i\M.  „  855 

At  this  tmie  the  preMiirc  was  a|^in  blov-n  off.  and  the  gM  nuarnxni, 
and  on 

May  26Lh,  at  10*20  p.m.,  the  meter  stood  ut 
10-80    „ 


UBb  n.vmbmv 


0018-00 

0018-??C  B  1-356 
0(tl»-43.'i  =  f2M 
0013-G30=  1-170 
4M)IS-880  =  1-200 
IHJU015=  1-110 
OOI4-2IO  =  1-170 
Average  cubic  feet  per  hour.  1-210. 
During  this  expcrimcnL  the  other  gauges  indicated — 

No.  2        

No.  3        354 

On  May  2f!th,  at  lim  tJL,  the  gauge  waa  pnL  on  Ko.  I   UmIc. 

and  on 


•1 

10*40 

m 

lO'M 

n 

1100 

n 

11-10 

IP 

i:-20 

O 


048  Df  TEE  SOLIU  COAL.— BOLDO.V,  XOfl.  1.  2. 

Lta.pwM.lMk. 

May  29th,  at  2'2U  A.U.,  tbe  fircBBurc  was 182 

„     SOth,  at5-30     „  „  ,. 

„     8I«,  at  H-lX)     „ 
June   1st,  atS'tti    „  „  „ 

„     2nd,  at  8-10    „ 

In  vondnaion,  ud  Juik!  Sitl,  tliv  amount  of  gas  exudinfr  IVom  the 
hulc  u-as  mcfLaared  hj  tha  teuing  rocU>r  of  the  South  Shields  Gas  Cumpaiij. 
with  the  following  it«iilta  ^— 

June  STd,  at  8-JO  A.U.,  the  meter  stood  at ...  u27roo 
„     4th,  at  7-40     „  „  ...  02[)rfK>  =  2Ociibicfeet. 

Which  would  (pve  '87  feet  pwr  huiir. 

The  other  gauges  during  this  experiment  were  ttnnding  at— 

No.  2 i4» 

No.  8 40S 

\o.  4 280 

BXPEKIMBNT  II. 

On  May  Ulh.  I88D,  a  second  hole  was  bored  in  the  same  board, 
Sco  BIcTDtioQ  No.  1,  jHige  197,  and  Seotiou  8. 

aspn(-.>-  ^ 


CONDITIONS 

The  length  of  Uiu  borehole  was    ... 
The  diameter  of           „ 
The  diamc-ter  uf  pipe  fi.Ted  in  the  hole 
Gag  space 

Uule  at  ri^'ht  angles  to  the  cleat. 

Cover — ilopi.li  of  bole  I'rotn  mirijux' 

Diktanoe  of  hole  fVom  sbafl 

Description  vt  gauge  used 

The  gaa  Bpaoc  contained  I0''3d  cublo  inches. 




n.     la. 

...    7    H 

...           34 

i 

...     I  10 

l.SfiSfeet. 

2,200  vardfl. 

Schaeffer  aud  Budi^nbefg's. 

200 


EXP£SI]ie»T8  SaOVUfQ   THE  PRES8VBB  Of 


Tli«  fMwitiiiii  <if  Xo.  2  Hole,  wirli  i-n^^iinl  U>  thu  holes  Xtn.  I  and  8,  ia 
shown  in  EIcratioQ  Ko.  I,  page  l'^7,  and  gciicrallj,  with  regard  to  tht 
Trr>rkiD(j:a,  ja  Flaiu  Xob.  3  and  4,  pa^  195,  196. 

Tlic  tuUil  length  of  stemming  wan  Ti  feet  10^  iachrs,  and  tbn  mode  of 
perrorminK  the  operation  cxactlj-  the  same  ta  in  No.  I  Hole.  TIub 
hole,  however,  vas  much  ebortcr,  being  ool^  7  lb«t  8^  inches.  Il  vaa  aln  > 
put  ill  A  lirxlu  higher  tip  io  the  scorn,  as  ahown  in  the  KIcx'otioQ. 

On  May  Uth,  a  300  lbs.  gauge  was  attached  t«  the  hole. 


Vrvtanrt 


KiisULTtJ.— ttKB  Taslk,  Paok  ilt. 
>Iftv  14th. — At  1"40  r.H.,  the  gauge  was  put  on. 
„  2'2U    o    the  prcHBure  ruee  to 


tbt-vuffn  Met 
70 


„         At  thia  hour  the  boring;  or  No.  S  Hole  was 
commenced. 

Maj  loth. — At  riX>  A.M.,  the  preMurc  was  


It 

sso   „ 

u 

4-00     „ 

n 

6-00     ., 

» 

200  P.M. 

u 

4-00     „ 

» 

600     „ 

tt 

8-00    „ 

Prom  May  l&th,  at  S-30  P.M.,  the  gauge  gbowed  «  steady  decrease  in 
prcssnro,  no  doubt  owing  to  the  boring  of  No.  3  Hole  alongude,  which' 
was  begun  at  1 1*0  P.M.  the  paniotis  day. 

Thin  being  a  very  short  hole,  it  und-jiibtedly  came  within  the  gaa 
drainage  of  No.  3  Hole,  and  in  conacqnence  coHld  not  suBtoin  its  presmre; 
in  this  it  differed  from  St>.  l  H»jle,  which  kept  increasing  iU  pmmre 
during  the  boring  of  No.  3  TliAf-,  clearly  showing  that  it  vaa  not  affectod 
by  it. 

[|  win  be  olMcrTol  chat,  from  the  moment  the  gauges  were  applied. 
the  pTCMure  incrcMwcd  more  ntpidly  in  Ko.  3  Hole  than  in  No.  1,  this  was 
owing  to  No.  H  having  only  1  foot  10  inches  of  gaa  npnoe.  nhcieaa  No.  1 
had  5  feet  4  inches. 


GAS   IS  THK   SOLID  COAL.— BOLDOH,  SO.  2. 

On  May  HJtli.  nt  3*45  p.m.,  one  of  SchMffer  nnrl  Bn(Jenl)erg"B  500  lb. 
gaiige*  WHS  put  on,  tu  the  pipe  end,  and  the  maximum  presscire  of  1>(JG  lbs. 
was  actaiuud  ou  Muy  ]9th,  ut  ll'O  a.m.,  whco  it  was  run  ufT, 
The  gauge  waa  ttUiitcd  ugain  at  11*80  on  Ghc  same  day, 

iiud  >}u 
Maj  I'Jth,  at  ii'OO  r.u.,  the  prcsEiirc  was  ... 
^     20th,  at  500     „  „  „       ... 

2l8t.  St  &-00     „  „  „       ... 

22Dd,at500     „  „  „ 

23rd,  ut  5-46  A.M 

24th,  at  J-SO     „  „  „ 

2urh,  at  5-00    „  „  „      ... 

On  May  2.')th,  at  1 2"5  I'.M.,  the  pressure  was  run  off",  and  a  gas  meter 

was  attfiched  to  the  hole,  and  at 

12'15  r.3i.  the  meter  passed         

1S-2&    „  „  -075     =     --IS 

12-35    „  ..  -081     =     i9 

Average,  '457  cnbic  feet  of  gaa  per  hour.    Water  given  off,  S  cubiu 
iDches  per  hour. 

May  37th,  at  1*15  p.m.,  the  pressure  gauge  was  attached  to  the  hole, 
and  on  the  eame  day 
At  I'-JO  p.u.,  tliti  presaurc  was   ... 

„    28th,  at  7-4.')  A.M.  „  , 221 

9-00  P.M.  „  „       2U 

The  preasore  was  then  blown  oti' again,  and  on  May  28th,  at  9-15  P.V., 
ft  testing  meter  of  the  South  Shields  Gag  Co.  viu  attached. 

9*10  P.M.  meter  standing  at  001^00  = 

9-25     „  „  „  0012-080  = 

9*85     „  „  „  0012180  = 

9-46     „  „  „  00I2-2fi0  = 

9-55     „  „  „  0012-328  = 

10-fl       „  „  „  0012400  = 

10-15     „  „  „  OO12-4G0  = 

Average,  '46  cnLic  feet  of  gas  per  hour. 

During  this  experiment  the  gauges  on  the  other  holes  were: — 

No.  1 855 

Ko.  8 854 

No.  4 298 


i\)t 


EIPEItlMESTS  SHOWISd  THE  PREStll'RE  OF 


Th«  prewure  gau;^  waa  r&-att&ched  oq  May  ?8tb,  at  II  p.m.,  and  on 


Qiwntity 
otOu. 


May  2dlh,  at  £20  ljb..,  tho  prcssurc  was 1&7 

„    3(Hh,  at  5-80     „            „            „      268 

„     Slit,  at  8-00     „             ,.             , 257 

June  Irt,  at  8-Ift    „            „            , 259 

..    Snd.  at  S-IO    „            „            .,      SGB 

The  prcasnre  trail  run  ofT.  and  a  gaa  meter  pnt  on  to  tJic  hM  on  Jane 
4th,  at  8  5  &.H. 

It  was  then  standing  at         0291-00 

Jnne  Ath.  at  12-35  a.x.,  it  stood  at 0301-00  ^  10  feet. 

Average,  'GO  cubic  feet  per  htinr. 


EXPHEIMKNT  III. 

On  Mar  Nth,  at  1 1*0  r.u.,  niiuLher  hulc  was  bored  in  the  mmc  board 
OS  Nob.  I  and  t>  H<:i1ob,  obouc  half'Way  np  the  senin,  and  tii  the  extreme 
left  of  the  place.  See  Plau  Ko.  4,  pai?e  19(»,  Klevation  No.  I,  i»age  197, 
and  Section  No.  !).  The  horin}:  waa  finished  at  'J'O  I'.m.  on  the  fulluwing 
dsj,  in  exactly  2^  hours.  The  iiti'mn)tn<;  uos  begun  on  May  l.'ith,  at  ^'30 
A.H.,  and  finiibed  at  9*0  xjh.  the  game  day.  in  ii\  hunre. 

SkitIuk  yto.  s 


B  f  n  t  k   *  H. 


Lhi.L:>. 


CONDITIONS. 

The  length  of  the  borehole  was 

The  diameter  of  „ 

The  diameter  of  pipe  fixed  in  the  hole 

Gaa  ipace     

Hol«  at  right  angles  to  the  cleat. 
CoTcr— depth  of  hole  from  iinrface  ... 
Digtance  of  the  hole  from  the  shaft... 
Description  of  gauge  nsed 


n      Id 

...  32     0 


...     3     C 

1.2fi8  feet 
2.200  yards. 


Sehaeffcr  and  Budeob<<rg'a. 


018  }>•  THB  SOLID  COAL.— BOtDOX,  NO.    3. 
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This  hole  was  put  in  in  the  naiuj  manner,  but  it  touched  the  roof  wfaen 
the  abDve-mcQlicncd  length  kos  borctl.  It  wtui  stemmed  in  the  some  waj 
u  were  Nos.  I  and  S  Holea.  A  Dnvy  lamp  held  cloac  to  the  hole  provioua 
to  its  being  it«nimed  would  not  fire.  There  wan  a  little  water  coming  out 
of  the  hole. 

On  May  16th,  at  2*13  p.m.,  the  SchacfFcr  and  DndcnSorg  SOO  lb. 
gan^p,  which  had  Iwcn  taken  off  No,  1  Hole  to  allow  of  the  ga«  beioff 
raeasnred,  was  attached: — 


par*4.  Utah. 

35 


103 
S41 


RESULTS.— Skk  Tablk.  Paqk  »T. 

May  1 6. — At  S-00  P.M.  the  gauge  had  sliowii  nn  indication  of  moTing. 
It  wn»  then  examined  and  found  to  be  all  right. 
It  waa  put  on  again  at  3'19  p.h.  and 

„  At  S-4r>  r.H.,  it  registered         

5-00    .,  „  

„  At  5'SO  P.M.  a  leak  was  discovGred  in  the  cement 

at  ilio  OTitcr-ciid  of  the  hole.  This  was  put 
right,  and 

„  At  fi'OO  I'-M.,  the  prcfflure  was 

700     „  .,  „         

n  ""00     •]  ,1  ,•  •••  -••  -■• 

„  At  9']5    „    a  leak  at  the  joint  nut  the  gauge 

was  di»w»vcred,  siiid  the  j^auge  fell  back  very 
fjist.  Pre88Hi"e  was  noted  every  hair-lioiir, 
and  at 

„  11-00  P.K.,  the  preaBurewBB 214 

nso   „         „         „    210 

May  17.— At  y'OO  a.m.  „  „     214 

„  SOOp.H.  „  ..      210 

The  prcMurc  was  then  run  o^  and  the  gauge 
dcUicticd. 

May  1  Gth,  at  9'00  r.u.,  the  maximuni  prGSBiire  was  obtained, 

namely  241 

And  on  May  17th,  at  SOO  p.m^  when  the  gauge  was  de- 
tached, the  preinure  wna       Sio 

Having  lost  in  IH  hoiira        81 

Or  nearly  £  Ibe.  per  hour. 


ofi 
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BXPERIHENT!*  BHOWIXO  THE   PRB8BURI!  OF 


PrC*Mif« 
of  Utu. 


Qaantltjr 
nfUu. 


0 


On  May  17tb,at  4*10  r.M.,oncorSchfl«frer  and  Budcnbcr^'s  1,000  lb. 
patent  steel  tubed  pressure  gauges  was  pot  on.  and  on 

Mbj  17tli,  at  4'45  i>.u.,  the  pressure  was 

50(1     „             „             , 2fi 

"SO     „             „             „       ISO 

900     „             „             „       240 

Ua;  18th,  Bt  5-00  A.K.         „            „       442 

„     19tb,  at  ISO    „             „             „       45B 

„       „        1300  r^oox  (maximum  prefliiue)       461 

„      „         '2-iO  P.M.,  the  iireeeure  wan 441 

The  fittings  were  closely  examined,  and  a  leak  was  found 
at  a  joint  just  below  the  tap.  A  stcadj  decrease  of 
preBsiiFC  ensued  on  that  aecotint.so  that  on 

Maj  Idth,  at  8-00  p.m.,  the  pressure  was 437 

„    20th,  at  l-OO  A.H.,         „            „      400 

„      ..       10-00    .,          „          sso 

„        „  2-30  V.V.,  „  „      2*0 

The  grange  then  t«ok  a  rise,  registering  at  7-00  P.M.        ...      900 

Muj  2l8t,  at  10-00  A. v.,  tite  pressure  rose  to       822 

„     22ud,        7'SO  I'.M.,        „  „  383 

„     2&th,        500  A.V.,  the  pressure  vras only 335 

At  which  time  it  wita  rtm  ofT, 
From  May  25tJi,  at  12-00  soos,  until  May  27th,  at  12-00  xook,  the 
gas  was  allowed  to  drain  freely  from  the  hole,  and  at  12-7  P.M.  the  pr«- 
Btirc  gauge  was  put  on.  and  ap  to  r40  p.m.  bod  not  moved. 
It  WHS  not  read  a^Ja  until 

May  Seth,  nt  7-4.'i  a.m.,  when  the  prcwnre  was 

„  O'OO  P.U.,  the  pressnrc  was  only      SM 

Tliia  diminution  in  pressure  wns  owing  to  a  leakage  from  the  tap. 
The  gauge  was  again  Mown  off  and  the  testing  meter  attached.    Sab- 
joiued  arc  the  meosuiemeuts :— 

UBj'SAth,ttll-45pjl.,n]ctcrBtandiugat...     UOKVOOO     =      ... 

»  11 '5^    1.  •• 

May  29th.at  12-5  A-M.  » 

It  12'lfl    „  II 

12-2S    ., 
May  29th,at  12-35    ,.  ^ 

Arenige,  '463  cubic  feet  per  bour. 


Urn  p(r«)  tntb- 

390 


()0I5-O!>0 

— 

•54 

001.V1«0 

= 

•54 

OOlfl-265 

S£ 

'51 

001 5-310 

= 

-45 

0015-415 

:= 

•45 

0013-483 

B 

-41 

20G 


EXPEEISIENtS   &HOWINO   TUB   PBESSUBS  OF 


CONDITIONS. 

FL      te. 
The  length  of  tlie  borehole  wm       23    &4 

The  diimieter  of  „  S 

The  diameter  of  pipe  fixed  in  the  hole       .  4 

Gu  Bpaoe      3    SJ 

Hole  parallel  with  the  cleat. 

Cover — depth  of  bote  from  BurFoce  1,2C6  foeb. 

Distance  of  hole  from  shnft  2,190  juds. 

DcBcription  of  gaugt;  u»>d SchaeBcr  and  Budcnberg's. 

ElcTQtioii  No.  i,  Bliowing  the  poBitioQ  of  the  hole  in  the  face  of  the 
•teaton  :— 


Premara 
oCQu. 


The  BtemrainK  of  \]m  hole  waa  ijct,ai]i  on  May  IGth.  at  10-0  A.M.,  and 
finished  at  S'O  I'M.  ou  the  Bamn  day  tu  foar  honrs,  inclading  >  stoppage 
of  twenty  mtontca,  caused  by  i^hc  rods  having  got  unBoreved  in  the  bole. 

One  of  Scfiacffer  and  Budcnberg's  4(>0  lb.  ganges  was  pat  on  to  the 
bole  00  May  16th,  at  S'OO  pji.,  with  the  following  resulta  . — 

RHSt'LTS.— Sek  TABtB,  Paqk  24T. 

May  lE^th,  at  430  P.U.,  the  preasnre  was 

M            fiOO     „           „           „             « 

n             6-00      „             „             H               ISO 

7-00     „            ..            „              170 

»             8-00     „            „            „              S95 

„  lfi-00  lODHIOHT  „  „  SIS 

Haj  17th,  at  900  LM.,  the  pressure  was  37] 

9-30     ,.  „  „  37* 

„  200  PH.  „  „  «77 

H             4*00     f,              I,             „  •••          •>.  S9v 

w             4'12m              „             ,(  ...         to  381 

The  prossnrc  was  th<>n  run  nfT,  and  the  gauge  romored. 
One  of  Schacfft^r  and  Budenberg's  1,000  lb.  gauges  was  aUacfaod  an 
May  ITth.  at  ^'30  P.M..  and  registered  ns  follows: — 


OAB  IS  THE  POIJD  COAL.— BOLDOX.  SO.   4. 
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Lta.  per*4  Ineb. 

Msy  17th,  at  4'4&  pjl,  the  prcnare  wu 45 

C-00     ..  „  „       2S0 

7S0    ,.  „  „      802 

11-80     ,.  „  „       U9 

May  18th,  at  7-00  A.SL  „  850 

»     »            l-OO    „  „  .,       84S 

„    ?l8t.  at  3-aO  P.M.  „  „      S4S 

After  I'O  P.M.,  the  gange  did  not  move  for  '2ri^  hoars,  at  the  end  of 
this  time  it  di-oppcd  to  344  lb»..  ami  then  at  430  i'.M.  tu  310  lbs.  j>er 
gqnare  inch, and  stood  there  until  May  25th,  at  5  a.m.,  when  th«  pressuro 
was  run  off,  oud  the  gauge  disconnected. 

The  gns  was  then  allowed  to  drain  from  the  hole  from  May  '^riCh,  at 
5  A.M.,  until  May  2"Lh,  at  ll'SO  A.M.,  a  period  of  54  hours  30  minnttii, 
when  a  tcsMncteruns  attached,  and  left  on  fur  SO  minutes,  nud  Ihouvcragu 
quantity  of  gaa  given  oB'  wa£  fonnd  to  bo  1'4CI6  cubie  feet  per  boar ; 
the  water  giren  off  was  20  cubic  inches  per  hour. 

The  gas  waaugain  measured  as  nuder. — 

May  ?5th.  I'S    a  m.,  meter  standing  at 

■■  »    1 "       J»  It  u 


Feet 
00 16 '00 


Onbta  IcM 
ptrtioiir. 


„  ...  001(!-51  =  8-OG 

„  I-2&     „  „  „  ...  OOIC-99  =  S-SS 

u  1-86     „  „  „  ...  0017-48  ==  2-G4 

„  1-46     „        •    „  0017-85  =  2-52 

„  1-56    „  0018-2G&  =  i-43 

„  2-5      .,  „  „  ...  O018-045  =  2-28 

Average,  2-64fi  cubic  feet  per  hour. 

During  this  experiment  the  pa-ssure  gauges  showed  in — 

No.  1  Hole      170 

No.  2  Hole       1B» 

No.  3  Hole      40 

On  May  *i9th,  at  S*20  A.M.,  the  testing  meter  was  pat  on  again  and  left 

on  until  June  2nd.    The  readings  T\-ere: —  ^^^ 

Mtiy  29th,  at  2*20  A.X.,  meter  standing  at...  0020'UU 

„    30th,  at  5-80    „            „            Oi>8t;'00 

„      ...  Q08fi*38 

,.      ...  0147-(i8 

„      ...  0148-90 

„      ...  0200-81 

0201-88 

0252-70 


Outilc  tnt 
[•sthuur. 


M                   » 

5-40 

„    St  St, 

8-10 

It        » 

8-40 

June  lat. 

8-10 

fi      II 

8-40 

„     2nd, 

8-10 

PrcMHrt 
of  ((u. 


tjuantity 
of  Om. 


Quantity 
of  Gu. 


Arerage,  2'281  cnbic  feet  per  hom-. 


Picunuio 
Lb*.  iKi  •!.  uwlk.     of  Qas. 
53 


aiS  I!r  THE   BOLID  COAL. — BOLDON,  NO. 

The  boring  of  tha  hole  was  curmnenced  with  on  Jnne  14th,  at 
S'OO  A.M.,  and  fijiislied  100  P.K.  on  the  wmo  «]aT  in  10  hours.  The 
steinniing  wnsbegunon  Jtmc'  l-ttti.iit  n*l.'>r.u.,aniinni5lii?cluii  June  IStli, 
at  S'4C>  A.M.,  in  8  honre  55  minutes.  It  Tcas  .ttemtncd  in  the  name  manner 
tis  Ihe  preceiins:  hides,  with  uakuni  and  cement  and  wooden  plugs. 

On  June  15Lh.  one  uf  St-haeffer  and  Biidenlwrg's  SOO  lb.  pree&nro 
gauges  vros  put  on. 

June  15th,  at  4'15  A.U.,  gangc  attached. 
K  4'20    „    the  preastire  was  ... 

M  *  '^^       n  II  It         ■*•  "•  ■*• 

w  515     „  „  , 

At  S'lS  AJS.,  the  joint  below  the  tap  began  to  leak,  nnd  bj 

,V?()  A.M.  the  preseHro  hnd  fallen  to  l.iO  lbs.  \vr  iu|narc 

inrh.     The  joint*  were  made  light-  agaiu,  and  ou 
June  15tb,  at  5*45  am.,  the  presiiurc  wrs 

It  fl'OO     „  „  „ 

VOO  P.M.  „  „     

At4-15  P.M., a  500  lb.guiLge  was  attached  without  ranniug 

off  the  presBure,  and  on 

Jnne  I&ch,  at  11*30  P.M.,  the  preseure  was  

„     IGth,  at    G-iii  a.».        „  „  

„  „  11-80  A.M.  „  „  

„  ITth.ot    4'SO     „  „  „  

„  „  3-00  P.M.  „  „  

„  18th,  at  12'30  xoos  „  „  

The  gauge  was  left  in  the  hole  until  February  2nd.  at  a  A.X.,  when 
the  preMure  still  stond  at  175  Itn  ;  the  gauge  was  tlicn  detached. 

July  2iid,  at  9  A.M.,  the  ga«  teMing  meter  wasattadicd, 

registering 0432-00 

July  4th,  at  5  A.u.,  44  hours  aft«r,  it  registered         ...    0887*00 


Average,  10*34  cubic  feot  per  hour. 


^^H                  i\0                        EXTFJiraEXTB  SnOWISG  THE  PRBSStTRB  OP 

■ 

^^^^H                      THE   EXPERIMENTS    MADE    AT  HARTON    COLLIERY. 

H 

^^^F                 The  Ufti'toii  CoUiciy  wu  opened  oat  tbout  the  year  1835.  55  jrean^^H 

^^H             before  the  cx)ierimeiit  was  mode,  the  following  being  the  uccoanl  of  the^^| 

^^^^^       Btrata  passed  thmng}i : — 

^ 

^^^^^^ft                                                                     TOW5allir   OF    HAKtOK,    PfBIIlU. 

1 

^^^^H                              ShMrt  4  of  Ordnaitw  Ma|>.     LHt.  &4'  iff  U".  Long.  1°  26'  6". 

^^^^^^P                            AiiprnKimate  aiirfwe  Ipt«1  75  (nt  above  iea  (Urdiuiticw  datum). 

^^H                                       riL  rt.  In.  ni  rv  Id. 

Ik  n.  In.  n.  n.  la,      H 

^^B              8nn                0    10 

Bnxifcht  IWwvid 

^H 

^^H               T»llow            0    8    0 

Dark  prr.v  tliill            .046 

^1 

^^H               RtiiP  Ipcfv  o1*T                 110 

(IrrT  iimUl                           1      4     0 

^1 

^^H          . .                       1 10  -1  0 

COAL          0    12 

^1 

—    2 

8    8       H 

^H             Bcdfikr       ...               1    4    0 

lircT  ii'OUl  Innd              0    0    4 

H 

^^^H             Soft  htne  iiMtal  itotw 

COAL                       .    U    0    S 

^M 

^^H                   aridv-atm- 18    0 

P<wt,  witli  whiu  glrdlo* 

^M 

^^1              COAL          0    0    9 

aiid  wHtrr .            .110 

^^^H 

^^B le  3  5 

(Inxr  iiiL'lal  and  w-atcr    0    S    4 

^^^^H 

^^^B              lhu\  imv  nutal  ftnd 

COAL          0    0    e 

^^^H 

^^H                   kliltlr'walfr            .116 

Baiiil             0    0    5 

^^^^B 

^^H              COAL 

COAL          0    U    3 

^1 

^^^H                IlarlE    ^rrcT    ni'iit»l    or 

8 

°  *    m 

^^H                                                   .2    0    8 

(irp'T  iTi«tal,  with  port 

^M 

^^H              COAL  uid  11    little 

prdiM        12    4 

^B 

^^H                 water         

COAL                      ..008 

^^^^1 

^^^H               Strmig      dark       grtf 

()rr«t  invlnl 0    6    8 

^^^^1 

^^H                   U(4aJ  ai)(l  |-»t         .     1     3    £ 

COAL          0    0    2 

^^^^1 

^^^H             Strang  ftny  yni  and 

riri'V  mttitl.  with  ]HMt 

^^^^1 

^^H                WKtvr         

gii'dlimaiiitnralar  ..     3    B    7 

^^^^1 

^^^1              Otw  inetNl    S    0    0 

n  In. 

^^^^1 

^^^1               nUrkmcUl  ...            .     0    0    fi 

COAL           .    1    31 

^^^^t 

^^M            COAL         0    10 

Bnjurhwwl    .      0    8 

^^^^M 

^^M                                                 0    2    0 

COAL                   1     31 

^^^^M 

^^^1              Tliilt  rTrrer  metal    ..     0    4    2 

^^B          l^<tt(nTA«<•  -        .    u  0 10 

0    2  10 

^^^H 

6 

4     4       ■ 

^^^H             OrvTuirtaltKwtiririUM 

Qnj  thill      0    4    0 

^M 

^^^1                  ni'iil  u-ntrr    .                  2     2     2 

Q  rcj  metal  po«t  prdha 

^M 

^^^H              Wliitp  jHist  ||;inlleB  uid 

nndwtftr 2    8    1 

^^^B 

^^^^B                waur         ...         ...    0    9    E 

IVot   and    vnter    Mt 

^^^^^H 

^^H              murk  ni«tal 0    2    9 

north  or  riao  nd«  of 

^^^^1 

^^m             COAL                           0    0    4 

pit             18    0 

^^^^1 

^^^H                                                    lis 

Pnat    and    ivkLat    oti 

^^^^^^^1 

^^M             Thill 

•oath  nrdipiidc  at 

^^H 

^^H              (Irf T  pmt      ...          .032 

pit              BOO 

^^^^1 

^^B               amy  inrtal      ..                 0    S     6 

DarknvjDMtal       ..200 
COAL         ...       ,„    0    1    8 

^^^^1 

^^^H                OfWjr  int.  Willi  laluk 

^1 

^^B                 partinipi     ...          .      0    £    6 

18 

■ 

^^H             BliwiMtal    ...          ..068 

^H 

^^B            COAL 

^H 

^^^H                                                                            1     1     T 

H 

^^^^^                           CartM  r<ifvard      34    S    0 

Carrtnl  firward        B8 

4  II       1 

^^^^^^                                         ■  Appmtiniatv  ms  lord  (OrdmiiM  dat«iu)< 

] 
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Qitj  new  or  thUl  .. 
OrcvptwtuiA  water  . 
WliiU  pnal  Uid  in»Ul 
pwtingi  uid  wit«r 
Dferk  rn-v  raeta] 
COAL         

Dark    grey    taeUl  or 

thill  

COAL  

Brown  thill 

Orcj-  fM-i,  with  ntpUl 

|wrtiii){>  and  water 
IM   anil   v)itt«  pMti 

r cry  damp 
COAL,  rtony 
Siift  fTTHj  ini'U]  ortbill 

■tone 
Strong  black  ohUI,  or 

whit«  cUbesda  and 

COAL  

StMci^  %ht-oalonred 
gwy  pntU  whilo 
motal  purtiiigK,  nntl 
wUii  girdlvB  iteur 
lop  bI  bed,  «1tb  a 
little  mtor 

Durk  KT^T  metal 

COAL  

niiicrk  bttnd 

COAL  

lilnck  band 

COAL  

dxey  mn)al  «tano,  with 

will II  (rlnlli-* 
Dark  KTvy  mt-tal,  with 

iriHiitt^nc  cirdlcs    .. 
COAL,  funl.- 
Tliill,    or    dark    gray 

metal  

Diirk  grty  mctAl  (tona 

anil  put  cinllia    ... 
COAL  

Qmj  mftal    ... 
Wliil«  Jtitat,  witli  ^r> 

dt(w  and  iratar 
COAL,  B"Jod 
COAL,  black  >ktT... 
Thill  or  KTvr  moCat    . . 
COAL  

Dark  gray  metal  rtono^ 
with  {joatand  whin 
girdles  and  watM*, 
and   coat  pipe*  at 

buitom 


ri.  PL  ta.  Ft  F1.  la. 

69    i  11 
0    4    0 
0    6    2 

19  2  S 
2  4a 
0    0    8 


S3    4    B 


2  4  S 

0  0  6 

0  0  6 

1  1  «| 

8  K  8ft 

0  0  8 

110 


2     4     8 


0    16 
0    0    21 


11    4  4i 


1  4  0 

1  4  r 

0  0  9 

0  0  2 

0  0  3. 

0  0  I 

0  0  11 


4  3     4 

2  3  10 

0  0    6 

0  2    6 

2  0    0 

0  0    5 

0  18 

4  0  11 

0  0    4 

0  1     1 

0  2    7 

U  0    6 


2    S     1 


9     4     8 


0    4    6 


B    1     1 
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Brouglit  forwftnl  2 
WhiU  port,  with  motal 

partinn 2 

Grey  tn«M\    ...         ...  0 

COAL,    vtniDf   and 

eood          0 

splint           .„        ...  0 

Vmy  metal 0 

Strong  wbite  port  and 

wator        7 

BWk  itoni; 0 

COAL.blHckaUty...  0 
OrcT  motal,  with  port 

IcMIca       2 

Black     metal,     with 

iranrtan«glrdlea  ...  0 

COAL         0 


Pi  la  Fi. 

2    1  lis   4  6ft 

1  lit 

1  4 

2  6 

0  8 

1  8 


7» 


S     8 

8    0 
0    Ift 


Dark  grej  in«tal,  with 

wiat  and  wJiln  gir- 

ilea  2     4     1 

Hard  whit«  poot,  mixed 

with  whin  in  bain, 

XBTx  cattTtv  in   tbo 

Brain,  much  mixed 

with    email    mi^tal 

and  iron«ton«  ball* 

of  rarinii*   rnloiim, 

and  a  llltlc  water 

feiipnved    Seventif- 

Falhomi  Poit)     ...12     2    6 
Dark  blue  metal,  witli 

metal  hall*  and  iron- 

Rtutit    fprdlea  at  a 

d^ptli  nf  1  faChoni. 

Proin  the  top  of  thu 

■tratiim    a    miuucl 

hcd  of  from  4  to  fi 

■nchot     tliirk     was 

|9an«d  tbnxiKb     ...     1 
Gro.v  metal,  with  po«t 

^rdlta       1 

Black  itone 2 

COAL,    atrong    and 

good  0 

Orev  motal,  with  pi«t 

irirtllos       3 

Wbit4j   podt.    with    a 

Ijttlft    water    {"ni)- 

pOMd  Main  Poat)...     8     10 
Orv;r  mvtal,  witli  imn- 

itonv  k'ii^le*         '-     10    0 
SKppotfd  Haia  Coa/ — 

n.  In. 
COAL  1    S 

Itlack     tlaty 

band      ...    0    1 
COAL      ..     0    Sft 

0    1    &! 


16  i  0| 


3    0 


0    6 

10    5     6 

3     0 


7    6    6) 


CuiTiL-d  f-intani     ISd    5 
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^^^H                                         ri.  PI.  ift.  r».  ti.  (B. 

n.  rt.  In^  Fi  Ft  la          ^1 

^^^^H                     ItrotiiKliI  foTMud                      la9  &  6| 

Brnuglit  fcirward   21     4    9  178   4  lt3           ■ 

^^^K           Bl&ek  »1a!t  (toiio     ...    0    3    0 

rarrf  Coat  Seam—                                             ^M 

^^^^B           BW^k      *Ut^     %Wne, 

n.  Id-                                             ^H 

^^^^H                 niiK«T(l     oitU     coal 

COAL      ..    0    HI                             .^^H 
Bsnd                0    »l                               ^^H 

^^^H                 pipe*          

^^^H             Qrtx  Ibtii  otxnc         ,.     0     &    6 

COAL             3    S                                  ^^H 

^^^^H              Ornj-  nu>(al  *t»ua      ...     3     8     0 

0    4    1                         V 

^^^^1             Orer  meUl,  •■  l(h  U»t 

^^m         fMiM    s  s  0 

ss  s  u       ■ 

ThlUitono    0    4    2                          ^1 

^^^H           m«ng  gnj  pMt,  witk 

^^^^H                   lnoUr]J»rtingii,wliui 

HUckitMH   ...         ...     0    0    fit                           ^H 

COAL,  >.|4intf       ...     0    0    S)                           H 

^^^^1                   girdloa,  atul  a 

(imv  m«tiil      0     12                               ^H 

^^^1                 wkt«r         

T)mt\  Rn'j^  inefal.  with                                     ^^^^H 

^^^V           Blue  metal  frinUo      .0X0) 

IrAiiaioiie  ifinllu  ...     1    0    2                 ^^^^H 

^^^^^             Whit«]awtginllo.  Willi 

Qny  inelal.  miDi  iron-                                  ^^^^H 

^^^^H                n)u1ij|Mrtiii|^         .022 

■IflNc  giidbw                                                  ^^^^^1 

^^^H             COAL       (nippotnl 

finj  part,  *i  itli  iwtal                                  ^^^H 

^^H                 Mftat  Co«0           .-     0     1  10 

partiiigi  and  wtiin                                  ^^^^H 

^^H                                IS  &  Si 

pirdln        ^^^H 

^^^^H             Oraj  Uttll,  wiLli  iron* 

Dark  f:rrj  metal,  witli                                      ^^^^H 

^^H                 ctoMbdU 0    4    0 

irorirtviic  glnllH  ...     1     3    0                            ^H 

^^^^1            Btrarn    fmy    itirlal. 

White  port,  trith  whin                                          ^M 

^^^H                 ttitli  pi>it  pinll«a   ..     ]     i    0 

ginl]««        ...           ..    0    »    6                            ^H 

^^^^H            8tnni|f      dark      grf-y 

GraTpoat.wit)iKmliii|r                                               ^H 
DMtal  jiarting*  atid                                               ^H 

^^^^H                  IBctal  atul  pant  gir- 

^^H               itW           3    S    0 

whin          3    4    2                         ^H 

^^^1           COAL,  xplint          ..00ft 

lllui-k  uii-ial                .004                 ^^^H 

^^^^H             Otct  ri)cUI,  with  ncut 

BENSHAM  SEAM-                                ^^H 

^^^^1             Strung     whitv      jiort, 
^^^H                 Willi  wliiii  girdlr*  ..200 
^^^^V             (ircj  whin                         ISO 
^^^^1              Qtt;  n)(!t*i  (toiio  ant] 

COAL,  top    J    u                                  ^^^H 

Kptint        ...     0                                           ^^^H 

COAL,  hot-                                         ^^H 

torn        ..      2    9|                                ^^^1 

^^^^K                iniiuliMie  plrdU*  ...    ft    3    1 
^^^B             Blni'k  *Utv  fttotie      ...     0    1    0 

^^H             COAL           0    0    9 

^^H            8«nd 0    0    S 

^^M        Thin i.  0  4  0 

^^^^1            Gn<j  m«tAl  Ktnne.  irlUt 
^^^^1                 vliinfpnUci         ...     1     I     9 
^^H            COAL 

Bl'w  metal,  with                                           ^^^^H 
itliiic|M«t,aiMlin>n-                                 ^^^^H 
■tni>c>  fnnU(«         ...     4     1     4                   ^^^^^1 

^^^^1             Grr.r  nitHa],  oitli  p<>«t 
^^^H               ft&d  whin  ginttci  ...413 

COAL.tplinty  2    0                                 ^^^H 
COAL,  pMd    1    8                                 ^^^1 

^^^^^H 

^^^H 

^^^^^^^^L 

L«(t  (tll  iu  •tnnig  gmj                               ^^^^| 

DOTl                0     3      U                                   ^H 

f    S    0        ■ 

^^^H                     Cminl  forward     21     4    9  I7B   4  10 

Tutal                             ao    0    9        ^1 

^^^1                 The  whole  of  the  cxi«rinieiiU  w«re  made  in  tho  No.  1  Hwltler  Huubo        ^M 

^^^M            Difltrict,  Bensliam  Sedin,  al  a  |K>iiiL  abuut  3,000  rurds  ewulh-eut  fttm  tfaa        ^| 

^^^H           ehafl,  aboat  440  yn^nU  from  unic  old  workin^.'s,  niul  AD4  vi;rda  fVom  the        ^M 

^^^H           DcarcBt  guar,  tlio  dip  o(  the  ctnu  being  towards  the  soatl)*WMfe,                   ^^^M 

^^^M                 The  roor  is  good,  of  blue  metal,  and  the  thill  U  abo  of  blue  metaL         ^^^| 

^^^H                 The  ooaI  is  bright  aiid  Iticiiniiiiuus,  nod  Is  uwd  fur  huUKbuld  purpirmi   ^^^| 

^^^H            The  cluax'a^  is  veil  defined  and  tho  texture  often.                                       ^^^H 

^^^L^           Ko  coal  is  worked  in  an;  scam  cither  abuTO  vr  boluvr.                            ^^^| 

^^^^^K          The  fpouillc  RTsvit;                                                                                 ^^^| 
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COSDITinSS. 


The  length  of  the  borehole  was 

The  (lifliiielcr  of         „  

The  ilimaeter  of  pipe  fixed  in  the  hole... 

Oas  space  

Hole  lit  right  angliw  to  the  cleat. 
Cover — tlqith  of  hole  from  surface 
Dtetaooe  of  hole  from  simtt  abont 
DesoriptJoD  of  gauge  used 

The  holes  were  Atcmmcd  in  exactly  the  same  ninnn«r  ait  tboee  at 
Bifldon  Colliery,  with  wooden  phiga,  uakuin,  and  Ltmeot. 

This  hole  took  tt  hours  to  bore  and  3  honni  15  minutes  to  Rtctn. 

Elevalion  No.  4,  fihowing  the  position  of  Ko«.  1  and  2  Holes  in  Uw 
narrow  board. 


k 

S    0 

1,215  feet. 

3,000  yards. 

SchocfTor  and  Budcnberg's. 


Pj^^^i^         On  Jtme  6th,  at  SSO  A.M.,  one  of  Schoeffer  and  Bndenbcrs'a  &W>  lb. 
tit  (Hm.    pnsmre  ganges  Ta«  put  on. 


RESULTS.— 8n  Tabu,  Paob  S&l. 


tbH-»"l 

June   (ftb.  At 

8*35  \.u.t 

prcisnrQ 

vaa    ... 

10 

m 

4-10    ,. 

M 

so 

H 

7-fi       ,. 

» 

80 

June   6th,  at 

8-20     „ 

» 

...       100 

» 

400  pj(. 

II 

...       IS7 

June   7th,  at 

I'OO  A.H. 

II 

...       170 

II 

1*00  PJI. 

ti 

...      178 

Jnnc   Stb,  at 

1-00     „ 

11 

•..      IM 

„      9  th,  at 

1-00     ., 

«, 

...      191 

„    lOtli,  at 

1-00    „ 

i> 

...       19S 

»    lltb,  at 

1-00     „ 

II 

...       190 

Lbi.  fmt  dl.  Ii>eb. 


OAS  »  THB  SOLID  COil.— HIBTOX,  JKXi,   I,  2.  2\i 

Jnoe  12th,  at    I'OO  p.m.,  the  pri'iujure  was 

„    13th,  at    1*00    „  „  „  136 

„    14th,  at    1-00     „  „  „  19C 

„    l&th,  at  12-00  AJI.  .,  ,.  198 

The  presmiTc  was  then  ran  off,  and  a  800  lb.  gouge  put  on 
tuod  started  at  12-45  p.m.,  and  on 

June  15th,  at  1*00  fm.,  it  hnd  riacn  to     11 

4-00    „  „  119 

A  leak  was  discovered  ia  the  pipes  whieb  reduced  the  prcaeurc,  bo 
that  on  June  l&th,  at  &'0  P.]f.,th€  pressure  vdsodI;  100  lbs.  pcrBqiinre 
inch.  Tlio  leak  BCfms,  however,  to  hnvc  tdken  up,  and  the  prfssure  rose 
gradually  until  Juuti  lOth,  ut  b  A.M.,  when  the  gange  rcgisterud  1 IG  lbs. 
per  equorc  ind).  The  pressure  at  thia  tiniii!  waa  rnn  olf  and  the  gauge 
detached. 

At  5"45  another  300  lb.  gauge  was  fixed  U*  the  hole,  and  on  June  16th» 
at  5'0  F.M.,  regUtcrcd  197  Ibe.  pur  squure  iuch. 

EXPEBIMBST  U. 

On  June  let  a  second  hole  vm  bored  in  the  Bolid  eoa)  at  the  fuoc  of 
the  same  winning  (nantitv  board).  See  Elevation  Ko.  4,  page  2U,  and 
Section  No.  13. 

This  hole  also  came  in  contact  with  the  roor. 

SaoDaii  Mo,  U 


<rf' 


It- 


-£4  <V 


-*»--^.«— rf 


CONDITIONS. 

n.    iB. 

The  length  of  the  borehole  rt*a3  27     6 

The  diameter  of  „  S 

The  diametfiT  of  pipe  6xed  iu  the  hole ( 

Ga3  space  3    6 

Hole  at  right  angles  to  the  cleat, 

Cover — Jepth  of  hole  from  Burfuee       l,2]&fect. 

Distance  of  hole  from  shaft      3,0t>y  yards. 

Description  of  gauge  uaed        ...  SdioeQct  and  Budcnbei^g's. 


»• 


EXPGRUtRSTti  fiHOWIXO   THE   PRKSSURE  OF 


This  hole  n'os  bored  in  q.  Eimilar  mnnner  to  No.  1,  in  7  hoort  15 
ininiitreR,  aii<I  fi^inmod  in  5  hours  i&  niiitutce. 

One  of  Schncffer  and  Biidenbcrg's  1,000  lb.  patent  steel  Uibed  gauges 
n-as  attached  with  the  nndcrmcntioncd  rceuUs: — 

RESVLTS.— Sii  Tabli,  Pack  2S1. 


Prawnre 

June    6th, 

at 

8* SO  A.M., 

,  prruiure  gnuge  pul 

I  on 

otOa^ 

n 

415     .. 

tl» 

«nm<'e 

had  uoi  moved. 

n 

4-20     .. 

it  ruse  to 

••■ 

Lta 

pwaq. 
10 

^^H 

n 

6-1 S     „ 

the 

prcsearc  iras 

AC 

^^H 

» 

C-20     „ 

»• 

» 

100 

^^^1 

H 

210  PJI. 

» 

vv 

200 

H 

M 

700    „ 

ft 

n 

307 

Jnno    7th, 

at 

l-OO  A.M. 

» 

II 

206 

r 

» 

900  P.M. 

n 

» 

S19 

I 

Jnoe    Sth, 

at 

7-00  A.M. 

ft 

ti 

2S0 

^ 

n       9th, 

at 

700     ,. 

1* 

» 

Slfl 

„    10th, 

at 

700     „ 

tt 

n 

2*7 

This  pressure  continued  until  Jane  lUh.  at  lO'O  A.M.  At  H'O  a.m. 
the  prosBurc  wag  228  ]\m.  per  aquare  inch,  and  rofle  to  230  lbs.  ut  9  P.M.  ua 
the  aune  day,  at  which  it  remained  fur  1>2  honrs,  except  from  1  to  4  A.M. 
on  the  I&th,  when  it  n-as  a  pound  hi^tier.  A  leak  at  the  joint  reduced 
the  prctturc  to  22C  Iha,  per  square  iuuh.  The  leakage,  however,  took  ap» 
and  on  June  ICth,  nt  5*0  r.x.,  the  prcsaurc  roec  to  280  Ibe.  per  aqoan 
inch. 


KXPRKIMSNT  III. 

On  June  2nd,  a  hole  uok  boi-ed  iu  tlie  solid  coal  at  the  Tuoe  of  a 
■teuton  in  the  No,  1  District.  See  Section  No.  14,  and  Elevation  No.  5, 
page  217. 

Bccnow  Xf  II. 


BervslxarrvB       Sfci.tn. 


-ii 


-  J-^ 


aiB  IN  TITE  ROLID  OOAL. — HABTOH    GO.   8. 


The  length  of  tlie  borehole  wu>.. 
The  iliaineterof         „ 
Drameter  of  pipe  fixed  in  the  hole 

0  as  space  

Hole  parallel  n-ith  the  cleat. 
Cover — depth  of  hole  from  imrfiice 
Distance  of  hole  from  shaft  about 
Description  of  gauge  used 

The  hole  was  stemmciJ  in  prcciHcty  the  name  manner  as  Noe.  1  and  2. 

TIic  time  occujiicd  in  Iwring  was  tJ  hours  2b  minutes,  orid  in  stcrnming 
8  boars  20  minutes. 

The  hole  was  coinmciieecl  on  June  Sud,  at  2*50  i^.,  aud  finished  on 
Jnnc  fith,  at  3-15  A.M. 

Elevation  No.  6,  shoiring  the  position  of  No.  3  Hole  in  the  filfintun :  — 


At  10-0  PJ(.,on  JuBtJ  loth,  one  of  Schaeffer  and  Budeubcrg's  1,000  lb. 
gauges  vias  put  on. 


RESULTS.— S«K  TABUt,  Paqk  2SI. 

JuiKi  lOlh,  at   lO'fl  P.M.,  tlic  gauge  was  put  on;  at  110  p.m.  Uip    Piwibui? 
prcsRure  was  104  Ibe.  i*r  stpinre  iucli.     It  wna  then  found  that  nil  thtv-o      "' ^"•■ 
tap  joints  were  leaking  at  this  hole.    The  pressure,  however,  still  rose, 
and  on  June  1  Ith,  ut  8*80  X.U.,  registered  220  lbs.  pur  square  inuh^  and 
ut  8*30  A.u.  2.^7  lbs. 

At  this  ixiint  the  lonknge  l>et-iimc  worae,  and  the  gauge  fiill  1 1  Ibe.  in 
15  minutes.    The  taps  were  tightened  aud  tlie  gauge  again  U-gau  to  rise. 
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Of  du. 


JaD«  I  Itb,  at  13*00  >'00K,  the  pressure  vraa 

„      „      at  1200  P.M.  „ 

June  13ch,  At    6'00  a.m.  „  „ 

„       .,      at    0-30  P.IL 
June  18th,  at    600  i.M.  ,.  „ 

„      „      at    600  P.M. 
June  14th,  at    6-00  a.m.  „  „ 

This  pressui'e  continued  until 
June  I4th.  at    utDMonT,  when  the  prossare  was 

„    1.5th,  at    9  00  AJi.  „ 

„    IGth,  at   Noox  „ 

„      „      at    fi'OO  P.M.  „ 

Ailer  this  the  readings  were  discontinued. 


U»tmtt,t». 

2&9 

278 

SdO 

S80 

298 

8M 

896 

u 

294 

292 

291 

290 

Qiia.ntitr 
(if  UmI 


A  sfTiM  of  expcrimcnte  were  tlipn  made  to  iMt  the  qnnntity  of  gns 
given  off  from  the  Nos.  1,  2,  anrl  3  Boreholes  at  Itarton  Colliery ;  a  test 
meter  belungiug  to  the  Suutli  Shields  Gas  Compunj  Ix'ing  used  fur  the 
punniac. 

On  June  18Ch  the  proasore  wss  allowed  to  vase  ofl*  frvta  all  tiie  boles, 
and  after  cucb  had  stood  about  twenty  luiiiulcti  the  gas  meter  was  put  for 
an  hoar  on  eadi  bole  scparau^ljr,  the  readings  being  taken  ercrj  tea 
tninntes. 


No.  1  HoLi. 
KuiL'siHBar  or  Gab  ciitih  orr  na  Hdfb. 


EM*. 

Hear. 

BM>diii«of 
M«t5. 

^Ar 

CteUcrw* 

(Xburm. 

Joiui  IS     ... 

7-10  kjn.   .. 

soo-ou 

,. 

7-60    .       ., 

30021 

126 

8-00     .      ... 

900-40 

M4 

«f           -.  ■ 

a-10   .    ... 

800-57 

1-031 

It           ..< 

8-W    

aou-7* 

1-tK 

f*           ... 

8-80    ,      ... 

aooiJi 

1-02 

* 

8-40    „     ... 

aoi-oe 

H» 

Av«Mg«^  1*00  cubic  foot  per  Imar. 
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No.  2  HoLX. 
Ubuuujuiest  or  Qi5  oitbh  orr  fbb  Hoca. 
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I 

D*ta 

Hour. 

Ratline  ot 

McEiu. 

Huur. 

1 

June  18    ... 

&00 11.11).     ., 
fl-10    „ 
9-20    „      ... 
930     „      ... 

9-40    

960     „      ... 
10-00    „      ... 

CnUoFWt 
801-00 
301-45 
301-88 
80229 
902-68 
303 -OU 
303-34 

OnfaloTiMt. 

2-70 
268 
2-46 
2-34 
1-92 
2-M 

t 

ATcragc,  2*34  cubic  feet  jmt  hour. 

No.  a  EOi«. 
UiiBrBBWtirT  or  Gab  oitb.v  off  pbr  Hottb. 

1 

' 

IM«. 

Bout. 

BeadlDf  at 
U«Ur. 

BquklpM' 

uoia. 

1 

Juno  IB 

rl        H            " . 
.1        1*            - " 

t        f 

II      n 
It      ji 

10-20  »-m. 
10-30     „ 
IO-40     ., 
10-50     .. 
11-00     „ 
11-10     ,. 
u-20    ., 

Ouhia  ym 
303 'UO 
303-S3 

801-78 
305-fi(J 
3W(-4fl 
307-23 
806-02 

Cnlile  FMt 

4-08 
6-70 
4'92 
610 
4-li8 
474 

Avvratfc,  5-02  cabio  twt  per  iujut.                                                       ^^^^M 

On  JuJy  Iftth  the  meter  was  again  attached  to  No.  I  Borebolp.  and  ^^^| 
left  on  for  one  week,  when  it  \va/i  taken  off  and  put  nil  No.  2  Hole  for  ^^^| 
the  some  length  of  time.  It  was  then  put  on  Uj  No.  3  Hole,  nhcro  it  ^^^| 
stood  until  An^ist  30th.                                                                                       ^^^H 

Tho  readings  were  taken  crcr;  twenty-four  houre  cxocpt  at  the  week  ^^^| 
enda,  aod  were  as  foliuwe : —                                                                           ^^^| 

1  HOLB.                                                                                           ^^H 
MBAsrrBBUmcT  or  Oia  aivts  otr  ns  Honx.                                               ^^^| 

• 

I>Bt«. 

Uqilt. 

Baadltifot 
UHtv. 

Hc«r. 

1 

July  13      ... 
.,    14       .. 
.,     IS       .. 
«    16      .. 
„    W      ... 
..    19      ... 
u    80      ... 

B-50  a.tn. 
B-60    „ 
B-4&  .. 
8-46    ,. 
10-30  p.io. 
Bf*btL.m. 
7«    „ 

OubioTMl. 
000-15 
Olfi-71 
02714 
037  66 
043  K2 
0«8-li7 
078-68 

CaUaAM. 

■S6 
-48 
-44 
-43 
■42 
■42 

H                                                  Aycttt^e,  -17  cubic  fiwt  p«r  liuur. 

^^M 

2  so 


BXPBRIMBSTS  SBOVrLVO  THE  PR8SSURI  OT 

No.  S  IIOLI. 
Hbudsiubttc  or  Qu  eirss  on  fbb  Hodb. 


Dim. 

Uotii. 

BtwllDcot 

XaaiJpw 
Uoat. 

CobkVM. 

OoMarMt. 

Jul;  20      ... 

8*30  B.m. 

OSO-M 

/  21       ... 

8-30    „ 

10R-!!1 

I'lB 

„    M      ... 

830     , 

129--t5 

■88 

..    »      ... 

8-80    ,. 

li9-40 

•9t 

„     28       ... 

6-30  p.in. 

I5»«6 

■8S 

„    26       ... 

8-30  un. 

208-27 

■81 

..    27       ... 

8-30    „ 

227-75 

■81 

Avera(^  -80  «nbte  foot  ptt  bMir. 

Ko.  3  Bou. 

Mribckbhsjit  or  Oas  oim  orr  nu  Hors. 


tHIq 

Hour 

Dow. 

ODfatorMi. 

(MkVM. 

Jnlj  28      ... 

9-lfi  ■.m. 

02-tO-« 

7  29      ... 

9-1&     - 

0842  SO 

4-Sft 

„  ao    ... 

fr-15    .. 

OMO-80 

i-oe 

Aug.    1       ... 

630    „ 

0025  30 

4«9 

«    s    ... 

930    „ 

073610 

4-07 

M      8       ... 

9-16     » 

003X40 

4-00 

»      4      ... 

»1&    » 

an»» 

4-Oi 

„      «      ... 

tcis    ,. 

1036iH 

«« 

«      6      ... 

•■16     H 

11:!S-40 

4^1 

-      »      ... 

©■16    - 

uiirio 

S-DS 

..  u    ... 

9- 16     .. 

16ti9-10 

8-73 

„     13       .. 

e-is   ^ 

1783-Ii 

8HS 

AvHigc,  400  culne  fc«l  per  boor. 


Ha  3  HOLB.-EXPKBIMENT  8*. 

Oo  April  itfth,  1681.  the  pn^gTire  vu  fttlowed  to  aue  off  fVom  No.  8 
Borehole,  and  u  400  lb.  jia-SKura  gauge  naa  sttuched. 

The  prassurc  littd  beco  retaiued  in  the  hole  by  haTing  the  pipe  end 
screwed  np,  since  the  cloie  of  the  former  cxporimentx  on  An^fC  :i^OLh, 
1660,  ft  period  of  &8  weeks. 
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RESULTS. 
April  ISfth,  fit   4-45  A.M.,  the  gnajre  was  attached. 
u  5*30    „     tlie  presBiire  rose  U* 


n 

5-45 

ff 

»» 

n 

6-00 

(t 

w 

M 

6'30 

t> 

•» 

»• 

700 

r> 

M 

n 

10-00 

» 

tt 

w 

615 

P.M. 

** 

■t 

12-00  SIGHT 

9% 

April  18th, 

at    900  A.X. 

II 

f* 

9*00 

H 

H 

1* 

9-00 

tt 

1> 

» 

9-00 

t1 

n 

M 

&-m 

n 

SUMMAKV. 

... 

3 

•  ■. 

20 

«.. 

42 

1. 

85 

... 

107 

... 

186 

...           .. 

IS7 

... 

141 

... 

U9 

... 

155 

... 

1S8 

... 

169 

.- .           •» 

158 

From  the  furegoiag  remarkB  it  will  be  eeco  that  theexpenmentfi  were 
raadc  in  five  distinct  groups  or  collieries — 

1  at  Elemore. 
I  at  Hetton. 
8  at  Epploton. 
5  at  Boldun,  and 
8  at  riarton. 

The  highest  prrasitrc  was  obtained  at Boldon,  being  4G1  ]bs.,  andcqnal 
to  84  per  cent,  of  that  due  to  a  colnmn  of  water  the  «&mc  height  aa  the 
thickncEB  of  the  cover,  but  this  occorred  la  one  instance  oaly  :  in  most 
of  the  other  caBea  it  scarcely  reiiched  50  per  cent,  of  the  preaBiire  due  to 
the  colnmn,  and  In  oin;,  Elemone,  where  the  highest  prefwure  eihibited 
waa  ordy  28  Ibe.,  it  was  only  8jf  per  cent.,  the  loweut  prebnares  Ijeing 
obtained  in  the  collieriofi  that  had  been  the  longest  opened  out. 

For  instance,  at  Boldon,  where  84  per  cent,  was  obtained,  the  pit  haa 
been  opened  out  only  elcTcn  yearn,  whereas  at  Elemore,  where  oiily  8j  per 
cent,  wiui  obtuiued,  the  pit  hm  been  at  work  for  fifty-three  yeoFH. 

It  will,  however,  \)&  seen  that  the  presauroK  are  not  the  same  in  all 
cascB  where  the  thickneaa  of  cover  is  the  same ;  as  only  one  cipcriment, 
was  tried  at  Elemore,  atid  one  at  Hclkiu;  auy  v&riation  wliieh  might 
cxiBt  at  thoBe  collieries  was  not  ascertained,  but  in  the  other  three  collieries, 
and  especially  at  Epplcton,  this  rariation  was  very  appiarent,  and  seems  to 
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show  that  the  pres!!urc  bears  some  relation  to  the  distonco  rrom  the  face 
of  the  coal  in  the  workings  in  which  it  is  aswrtained. 

In  endcavoiinn^r  to  nscerUtiti  what  nlation  this  iiicreaae  of  premire 
bean  to  the  increase  of  depth  of  hole,  there  sgcidb  to  be  an  Jndicntion 
that  under  MmiUr  circumstances  of  corer,  the  preegure  Taric*  as  the 
square  root  uf  the  depth  of  the  hole.  Fur  example,  take  the  Eppleton 
expcrinicnts,  and  exclude  Noe.  4  and  0,  which  wore  »l)aiidon(Hl  because 
it  waa  BiiBpected  that  incorrect  rcsulia  were  hciiig  obtained  hy  them,  and 
then  apply  this  formula,  and  taking  the  sixth  hole  as  the  standard  for 
oumporisciQ,  the  resolta  will  be  as  shown  ia  Table  A. 

TABLE  A. 


Ka  or 
Btp«(Unenl- 

DepUi  of  Bol* 
laFoM. 

1,'orifae  Depth 
of  Uola. 

OalmdiM 

FnaMim 

Aetal 

StOMnM. 

Lb« 

1 

a-6 

1-87 

69 

&4-76 

-ivac 

> 

7-8 

271 

too 

IM-& 

*     48 

8 

84-6 

*n 

181 

2H 

+  XS 

S 

26-0 

5-0 

188 

ail 

-f  88 

6 

87-0 

608 

228 

sss 

- 

ff 

47-0 

6-8G 

2S1 

886 

-16 

Tho9  giving  a  mean  deviation  trom  the  rule  of  about  3^  per  cent,  on  the 
■rer^c  prcsaures  exhibited. 

If  the  Boldon  experiments  are  compared  in  the  same  w^t  ezolndiiig 
the  fifth  (which  scorns  for  sfimc  rpBwn  to  have  given  \cm  pramnB  than 
any  of  the  other  holes,  some  of  which  were  mach  shorter,  probably  becacun 
the  end  of  the  bulo  was  blocked  np  by  the  plug,  which  had  got  loouX 
and  taking  the  third  bote  as  the  standard  of  comparison,  the  reanlta  will 
be  ai  shown  in  Table  B. 

TABLK  B. 


K«ot 

"T?Ar^ 

OHonMMS 

ittt 

— 

8 

1 

4 
8 

n 

19-1 

88-8 
88-0 

M7 
4-87 

4-ftl 

S-66 

286 
481 

398 

3Ht 
461 

+  72 
-  14 
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ThU  Rives  a  mean  deriation  from  the  rnle  of  about  8  per  cent,  on  the 
nvem;.'e  pressures  cxhibiUid.  Extending,'  the  compariBou  to  the  Ilartoa 
exjicriiiicnta,  where  there  ucema  to  have  heen  no  exccptirmal  circum- 
stance requiriug  the  exclusion  of  ao;  of  them,  tbe  results  will  be  u 
alion-n  in  Table  C. 

TABLK  C, 


Ei|x»liiieDt. 

Beptb  <>r  Hola 
In  last. 

V  at  the  Bnilb 
«[  Uota. 

■I'Tcuiirn. 

AeWd 

DUBncbok 

1 

2 
8 

162 
27-6 
•72 

4i]2 
S-21 

194 
29S 

197 
231 
265 

-t-  S 
-22 

These  give  a  mean  deriatioii  from  the  rale  of  about  S(  per  cent,  on  the 

average  pressures  exhibited. 

If  lor  th(!  Baku  of  comparieon  the  riilo  of  tlie  prpfiaiirc,  Ix-inj;  in  pro- 
portinn  to  the  V  of  the  depth,  be  applied  to  the  five  acts  of  ciperiraents 
in  order  to  give  a  preasore  at  a  uulforiu  depLh  of  hole  of  aaj  30  feet, 
the  resnita  would  be  ns  shown  in  Table  D. 

TABLE  D. 


Opened. 

OOLUBKT 

DntbQt 
Hale. 

FnaoM 

la  E>|i*K- 
(DeOL 

Alfr 

DflirUial. 

Protnlile 
PmvuM 

30  f cot. 

of 

OOTV. 

Frc^nirr  diu  to 

ft  RllHItlU 

C4  vuvt 
tbc  botcbl 

Omar, 

U 
43 

58 

Boldra 

Eppleton    ... 
Elctnoni     ... 
Barton 
Ucttoti       ... 

n.           IM.           n. 

A««'32     :  *ji  :;,^3o  = 
„v37      :  223  ::*'30'= 
„v  7      :    28  ::^3o  = 
„vs7-26  :  295  :yao^ 
..•/  9     :    4B  ::-/30- 

440 
200 

S8 
266 

82 

1,268 
l,2fil 
70O 
1^5 
1,228 

549 
G46 
324 
626 
631 

Tables  A,  B,  C,  and  D,  arc  farther  illuetrated  in  Plate  XLIV. 

The  experiments  scum  to  indicate  that  tho  direction  of  the  hole  with 
reference  to  thi;  drat  has  no  influence  oii  the  pressure. 

With  respect  to  the  quaatiliea  of  gas  coming  from  the  different  holei, 
Table  S.  page  2ii,  gives  a  synoptical  exposure  of  all  the  conditions 
and   results  of  the  eaperimentB,  and   shows  the  nature  of  the  data 
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aBcertainod.  In  the  Iloldon  csperimcnls  tlie  lar^t^t  qiianuty  uf  gm 
given  olT  per  i^qnnre  foot  per  boor  nu  obtained  considcniblj  afVor  ihe 
time  thai  the  kuel  tjuanlity  noted  was  asuertainul,  n-bercas  in  the  other 
experintcnCB  the  least  quantities  noted  were  nlvavs  afLcr  the  greatest  had 
been  obtained. 

The  places  where  tlie  pressure  of  the  gus  in  the  coal  have  been  the 
hip;heet  Ji?  not  seem  to  ^vo  off  the  grentesV  iiiiautities  nf  put,  and  there 
appears  to  be  no  oonncction  whatever  between  the  length  of  the  hola 
and  the*e  cinantities :  but  the  resnttg  show  that  there  is  no  cjiinection 
between  the  variations  of  the  barometrical  colamn  and  tho  tem|Knitare, 
with  the  quantities  of  pa  evolved,  and  it  ma;  be  observed  that  Ibe 
namber  of  different  circumntflnceit  acting  (op:ether  or  in  opposite  direc- 
tions, either  separately  or  in  g^aps,  form  a  Beriee  of  combinations  wbiob 
wouhl  take  more  time  than  the  writer  has  at  his  disposal  to  reduce 
to  a  rehablc  standard  of  compariBon.  It  is  hoped,  however,  that  this 
paper  will  have  disclosed  many  fHCt«  that  may  be  interesting,  and 
which  may  pave  the  way  to  more  elaborate  research  hereafter. 


[SSUING  PROM  HOLES  BORED  IN  TRE  SOLID  COAL. 


QCANTTTIKS  OF  QAS. 


BvarAox  OP 

OAHBrMX. 


DU- 


I>*n|tli.|' 


lliSq 
Fvat 


CftBATWTIIMtltVKIIAMOVXT 

or  (IAD  (tEvB9i  orr. 


LKAHTOMERVKIt 
HMDUSTTorOAD 


Cvhla 
Fe* 


Bour. 


Cub  Ft      Bvlvn  nr 
V  Ut.  9   kftcr  mini' 


Par      H)  Fl  aCwiiD  pnanm 


liufaoa.!     olMsnod- 


OtiMc 
Fact 
Per 

Boor. 


¥Ut.  » 

K|.  PI.  of 

Buifuca 


intb«l 


al«     .. 


u 


Ft.  la. 
2     6 


S    0 


£    0 


&t      6    0 


H 


^ 


J1603 

1-500 

... 

lElS'-lO 

I'SiS 

.,. 

114-86 

■797 

95-47 

■66S 

... 

... 

381-90 

2-662 

]5-72 

5-927 

670-89 

3-961 

570-8D 

3961 

.,, 

57*39 

S'961 

4-3 

1-OM 

WO-39 

£961 

e-1 

1-&40 

B70-89 

S-961 

... 

... 

610-2S 

4-E3V 

1-2 

■283 

177-69 

1-234 

•R 

-486 

402-91 

2-798 

■68 

■243 

309-92 

2M9 

E-frlfi 

1-031 

381-90 

2662 

10-24 

3  899 

34^-86 

2-W5 

1-00 

-453 

402-81 

2798 

2-34 

-896 

507-56 

3-524 

5-02 

1'124 

16  dnji 
bafoi*. 


6-20 


IS  houni 

24  boun 
bdora. 


n.  II.   w 

6     8  40 

10  12  20 
•Aer. 

6    7  46 
■ftci. 

1  14  SB 

ttlBt. 


32     0     6 
before. 

a»  23  30 
Ulan, 

&^  22  55 


2-337 


1             TADLES  SHOWING   FULL  PARTICULARS  OF  THE  EXPERI-         ^^M 

1                      MENTS  MADE  TO  ASCBKTAIN  THE  PBESSUKE  OF  GAB         ^^M 

1                      IN  THE  SOLID  COAL.                                                                      ^^M 

1                                   I.— TEE  HETTON  EXPERIMENTS.                              ^^M 

ELEMORE  COLLIERr. 

^M 

nna. 

Lb&rnMvn. 

Tin*, 

Vm-rrtmrn. 

^ma.           1  LIh  PimniM. 

1 

1379. 

A.ng.  26. 

Ang.  29. 

Hept.1. 

^1 

X.M. 

P.U. 

FJt. 

^^H 

9-25 

6     ' 

4-0 

27 

4-0 

24 

i 

^H 

9-30 

8 

7-0 

37 

S-0 

24, 

^H 

9'SS    * 

'  ■  > 

a-o 

37 

6-0 

24 

1 

^H 

9■^o 

IS 

9-0 

27 

7-0 

34 

^H 

e-(s 

1( 

lO-O 

27 

8-0 

3l| 

^H 

10-3 

18 

11-0 

27 

Sept.  3. 

^H 

10-10 

21 

12-0 

2Cf 

A.M. 

^H 

10-16 

32 

Au^.  SO. 

10-GO 

24     ' 

^H 

10-27 

S3 

A.M. 

11-0     ' 

... 

^H 

U)'45 

24 

1-0 

36} 

3C{ 

11-30 

20 

^H 

lis 

2& 

2  0 

P.V. 

^H 

12-0 

2Si 

3  0 

2«J 

4-0 

3!) 

^H 

P.K. 

4-0 

26\ 

ii-o 

23 

^H 

10 

26 

B-0 

261 

Sopt,  3. 

^H 

2*0 

37 

G-0 

2t; 

B-0  A.M. 

23 

^H 

3'0 

27i- 

7-0 

26 

4-0  P.M, 

23 

^H 

i-o 

27 

8-0 

36 

12-0    ,. 

33 

^H 

t^3 

27 

90 

26 

Sept.  4. 

^H 

6-0 

27  ■ 

lO'O 

23 

8-0  A.1I. 

n 

^H 

7-0 

3TJ 

110 

33 

4-0  I'.M. 

23 

^H 

8-0 

27 

12-0 

2S 

12-0    ., 

23 

^H 

90 

2S 

P.M. 

Sent.  T,. 

^H 

100 

3S 

I'O 

213 

80  AM. 

33 

^H 

11-0 

3S 

3-0 

36 

i-0  P.JI. 

22 

^H 

13-n 

S8 

a-0 

25 
25 

120     .. 

^H 

kug  29. 

4-0 

Sept.  6. 

^H 

AM. 

6-0 

23  i 

$0  A Jl. 

32 

^^1 

l-O 

27 

frO 

3Ci 

i-0  P.M. 

23 

^H 

2-0 

7-0 

251 

12-0    ., 

22 

^H 

3-U 

27i 

8-0 

S.-! 

Bept.  7. 
6v  AM. 

^H 

1-0 

27  k 

9-0 

25 

32i 

^H 

.l-O 

27 1 

10-0 

S5 

4  0  P.M. 

22i 

^H 

r,-Q 

27 1 

11-0 

12'0    „ 

211 

^H 

7-0 

271 

12-0 

25 

Sr-pt.  K. 

^H 

8-0 

27i 

i^ug.  SI. 

S-0  A.«. 

21 

^H 

g-O 

S7i 

AM. 

I-II  P.M 

31 

^H 

lO-O 

27 

1-0 

3&t 

120     .. 

21 

^H 

11-0 

27 

a-0 

2?i 

Bept.  9. 

^H 

120 

27 

F,U. 

80  AJL 

31 

^H 

P.lf. 

12-0 

3S 

4-0  P.1I. 

304 

^H 

1-0 

27 

Sept.  I. 

lS-0     „ 

20 

^H 

2-D 

27 

AM. 

Sept.  10. 
8-0  AM. 

^^1 

3-0 

27 

10 

23 

19 

^H 

i-0 

27 

2-0 

33 

4  0  P.M. 

181 

^H 

fl-C> 

27 

3-0 

2H 

120     ,. 

m  __ 

^1 

'  Put  nauiK  on. 

H 

^L                  *  HoIq  not  quite  tight  ;  ecrcwed  latlia-rabbOT  lurthor  op,  and  filled  nmuadfir           ^^^H 

^H                           hole  with  ccmfuL                                                                                                      ^^^^1 

^1                 '  Toole  f;&uj(«  off  nud  allciw«il  gat  and  water  to  rusti  out  for  10  mEanle*.                          ^^^^H 

^B                *  GMse  put  on  again.                                                                                                ^^^^| 

SS6  TAJir.BB  SHOWING  PAirrtOUI.ARR  OF  TBB  EXFSailllUrTS 

ELEMORE  COLLIERY.-CMfiwNl. 


tm*. 

Ua-FMNun. 

Tlau 

UcftMran. 

hm. 

u.r 

9nnU  n. 
6-0  A.M. 

Sept.  IG. 

Sqrf,I9. 
12-0  r.M. 

1^ 

eo  A.M, 

1« 
18 

13 

1-0  P.H. 

4-0  P.H. 

Sept  30. 
6-0  A.M. 

12D     ,. 

18 

J  2-0    ,. 

18 

IS 

Sept.  V2. 

Sopt.  17. 

4-0  PJl. 

ISJ 

S-0  A.U. 

16 

BO  A.M. 

l« 

Sept,  31. 

4-0  P.U. 

18 

12-0  P.X. 

lij 

6-0  JLU. 

12 

]2<l     „ 

18* 

Sept.  18. 
SO  Ji.lt. 

12-0  P.M. 

10 

Sept.  14. 
12  0  P.K. 

ifi 

Sept  22. 

ICJ 

4-0  P.11. 

15 

8-0  A.M. 

101 

Sept.  IS. 

12-0     .. 

IS 

12-0  VM. 

61 

8  0  A.1I. 

1G 

Sept  1&. 

tMint.  S3. 

4-0  P.M. 

18 

6  0  A.M. 

141 

l-t>  PJJ. 

H   • 

liM)   „ 

ICi 

4-0  P.M. 

181 

HETTON   COLUERr. 


1679. 

Sept.  I. 

Sept.  a. 

Sept.  3. 

r.H. 

P.M. 

P.M. 

100    • 

0 

Bfl 

3T 

20 

3»1 

lOR 

»i 

c-o 

.17 

3-0 

svl 

11-0 

29 

7-0 

.r; 

4-D 

S9| 

12-0 

33 

H-0 

86 

fi'O 

40 

*T>t  2. 

90 

37 

«-0 

40 

A.H. 

10-0 

3T| 

7-0 

40 

i-o 

1-30 

40 
40 

11-0 
12-0 

37i 
37 

8-0 
9-0 

391 
S9| 

20 

40 

Sept  3. 

10-0 

40 

3H) 

40 

A.M. 

11-0 

391 
391 

4  0 

40 

i-o 

36 

12-0 

C-0 

40 

2-0 

w* 

6-0 

39 

8-0 

sr 

Sept  4. 

7-0 

39 

4-0 

»7 

A.M. 

8-0 

39 

6-0 

87 

l-O 

39i 

9-0 

S9 

«-» 

88 

2-0 

40 

10-0 

S6i 

7-0 

88 

so 

40 

11-0 

38 

80 

18 

4-0 

40 

12-0 

38 

fl-0 

88 

c-o 

^ 

P.X. 

loo 

86 

04) 

1-U 

SI 

11-0 

89 

830 

iV 

2-0 

57 

la^) 

8» 

7-0 

40 

8-0 

87 

P.M. 

Sept.  5. 

irO 

87 

1-0 

80 

... 

40    •* 

'  Oaatfi  tftlten  r4[  and  hote  kb«ndoned  to  allow  work  to  be  TeooninraoeJ  in  the 

place. 
*Oati{;«  put  on. 
**  Uwcc  ukcn  <dl  aod  bole  abkodoiwd  to  allDW  work  to  bo  roaained  in  lUo  pUe& 

CoaL  teoder. 


XAI'K  TO  JiSCEBTAra  THE  PREMfBE  OF  GAR  IS  BOUD  OOAL.        227 
EPPLETON   COLLIERY.-NO.  1   HOLE. 


tbOL 

Lin.  PwnuTf. 

Ttnw. 

Lb*.  FrMmtrR 

TiM. 

Lb*  Pmodiv 

1879. 

Anr  29. 

Aug.  29. 

Aug.  89. 

A.M. 

A.M. 

P.M. 

8-46    T 

i<* 

it-17 

AD 

2-0 

60^ 

t-6%i 

^0 

»-iiO 

51 

9-1 

8a 

;i-24 

£3 

Aug.  90. 

9-(l 

40 

9a!) 

£3 

AM. 

9-9 

4fi 

9-dO 

M 

ISO 

61f     • 

«-II 

IS 

1 0-0 

fin 

EPPLETON    COLUERY.— NO.    2   HOLE. 


1679. 

8epL  1. 

Sept  T. 

Sept.  3. 

A.U, 

IMI. 

A.tt. 

U-GO     * 

<■■ 

100 

m 

iv 

DO 

9-5S    '" 

.  ■' 

11-0 

m 

4<ll 

91 

10-3      " 

l^'U 

91 

CO 

sot 

10-G 

io 

&cpt.  3. 

GO 

93 

10-7 

IS 

A.U, 

7  0 

914 

iO-ii 

3K) 

1-0 

9*2 

BO 

93 

10-12 

3S     '• 

2'0 

92 

9  0 

92; 

lOH 

SO 

8-0 

91 

10-0 

92 

tOIT 

35 

4-0' 

90 

no 

93 

lO-iTZ 

40 

6-0 

91 

12'0 

93 

10  34 

45 

6« 

90i 
90| 

P.M. 

10-10 

CO 

7  0 

1-0 

»li 

10' <  2 

£1 

ft'O 

91 

2-0 

93 

1044 

fi 

Hi) 

1131 

8  0 

92 

]'>49 

&3 

VJO 

ffilj 

40 

•Hi 

10  W 

54 

P.M. 

S-0 

92 

10-57 

fiS 

1-0 

93 

6-0 

91 

II-O 

fi6 

20 

93 

7-0 

904 

11 -T 

«7 

8-0 

98 

8-0 

93 

Il'16 

fiS 

40 

931 

9-0 

91 

n-:;7 

£» 

E-y 

92 

lO-O 

93 

11>:;8 

60 

6-0 

93 

11-0 

91^ 

11 -Mt 

tin 

7  0 

m 

i:;u 

93 

11  55 

63 

BO 

Sejji.  4. 

]-2-Q 

«n 

B-13 

joa 

A.iL 

P-U. 

8  22 

II04| 

13-20 

97 

2« 

fin  • 

S-ST 

!00 

1-0 

98 

4-0 

03^ 

100 

95 

2-0 

93 

fi-0 

Q-i 

11-0 

9S 

3-0 

93) 

fiO 

8« 

12'l) 

93 

4-0 

91 

7  0 

90 

8e[>L  3. 

6-0 

901 

7 '56 

65 

A.M. 

B-0 

91 

8-0 

US 

1-0 

91 

T-0 

90jl 

»'fl 

SO 

S-0 

»i 

fi-0 

90     » 

^  OftU(tepiit;  on. 

*  Qaiigc  tttkcR  off  for  n  short  time.     Tried  on  again  tad  regMt«red  I&  Iba.  io  80 

minnte*.     Hole  tlim  abandoned. 

*  Gau^  put  on. 
'*  Opened  tap ;  K&tige  registered  8^  lb«. 

mill  lEindr-  piTfectlj-  tight, 
"  Guuiirv  ivi'laeu']  anil  inp  upcned. 

"  Hole  not  iiubt :  BcrewM  lodla-rnbtier  furlher  op  and  bepan  to  centcni  the  hole. 
**  CouUnucd  ftt  abuut  90  lt«.  until  4-0  ft.m.,  on  Ijeptetnbrr  &ih,  when  tbo  gauge  waa 

talum  ntf  and  hole  nbandoned  to  allow  work  to  b>  recommenced  in  th«  plac«. 


Oaagenot  tight  At  Borew;  taken  off. 


VOL.tX!E— imt 


Dn 


^^^1                iit<             TABLI8  iiHOWIN'O  l-AItTICn.ARR  OP  TltK  HXi-KUIUENTS                       ^^^| 

EPPLETON  COLLIERY.-NO.  3  HOLE. 

^B 

nniK 

Uh.  Ptcaiurc 

Time. 

Ua.  Pi'MiPW- 

now. 

U>  Pimm. 

1 

1979. 

Sejit.  5, 

Sept.  6, 

Sept  6. 

^H 

A.1I. 

FJI. 

VJl. 

^^1 

Il-O     >^ 

•>■ 

!2*1T 
13fl8 

102 

3-0 

183 

^H 

I1'2 

SI 

103 

4-0 

184 

^H 

11-4 

25 

12-20 

IU4 

5-0 

185 

^H 

II-7 

ao 

12-Jli 

105 

8-0 

I86| 

^H 

ii-y 

3S 

12-48 

108 

T-0 

186 

^H 

1113 

tu 

12-244 

1 1)7 

8-0 

I8& 

^H 

11-iH 

46 

12-Slll 

lUg 

9-U 

186 

^H 

11-30 

AO 

12-28 

1(19 

lu-0 

183 

^H 

ll'fll 

B0 

l?-2l>i 

12-aii 

UU 

ll-O 

188 

^H 

ll-SU 

to 

1)1 

13S) 

188 

^H 

n-»o 

SI 

12-33 

lis 

Sept.  7. 

^H 

11-31 

62 

12-$S 

113 

AJt. 

^H 

lL-33 

63 

12-57 

114 

1-0 

188 

^H 

11 -as 

11-33 

64 

I1J-3W* 

llA 

2r0 

186 

^H 

6fi 

I2'42 

310 

S-0 

187 

^H 

1  i-:u 

88 

IS '45 

117 

4-0 

187 

^H 

1 1-.15 

67 

liiB 

118 

ftH) 

188 

^H 

n-3c 

86 

13-Al 

119 

a-u 

189 

^H 

\\v 

69 

ISM 

120    " 

7-0 

18S 

^H 

11-3K 

70 

1-9 

ISO 

6-0 

189 

^H 

ll-8f 

71 

Ml 

121 

9-0 

18« 

^^1 

ll-4t 

72 

116 

123 

!)-6 

189 

^^^^^ 

11-42 

73 

1-aa 

125 

10-0 

18'J 

^^^^M 

11-43 

7* 

3-0 

141 

n-0 

U9 

^H 

lt-44 

78 

SO 

ISI 

18-0 

189 

11-45 

Tfi 

4-0 

167 

FJI. 

^^^^1 

ll-4n 

77 

SO 

IRI 

1-0 

189 

^^^^1 

11-47 

79 

6-0 

1651 

30 

189 

^^1 

11-48 

79 

1-Q 

166 

S-0 

IS^ 

^^1 

11-4B 

80 

8-0 

IG& 

40 

19?  •» 

^H 

11 -Ml 

81 

9-0 

IBA 

6-0 

191 

^H 

ll-r.2 

83 

100 

IGA 

6-0 

191 

^H 

11-63 

89 

n-0 

lU 

11 

7-0 

IM 

^H 

11-114 

ft4 

12-W 

165 

8-0 

191 

^^t 

11 -sr. 

8£ 

Sept.  8. 

90 

191 

^^M 

11-f.G 

8fl 

AM. 

10-0 

191 

^^M 

11-67 

»■ 

lO 

16« 

11-0 

19] 

^^M 

11-681 

88 

S-0 

16S, 

12^) 

191 

^^M 

l2-t> 

89 

3-U 

171     •• 

Sept.  8. 

^1 

r.M. 

30 

17& 

AM, 

^H 

12-1 

90 

4  0 

179 

1-0 

I9t 

^H 

lL'-2) 

91 

50 

l»\ 

SD 

193 

^^1 

12-4 

93 

6-0 

179 

3-0 

19f 

^^^^H 

12-S 

93 

7-0 

179 

4-0 

1*9 

^^^^H 

12-flJ 

94 

81> 

181 

i-0 

1*1 

^^^^H 

12-6 

90 

9-0 

181 

frO 

i*a 

^^^^H 

1B-& 
1-2-I 

96 

10-0 

ISl 

7-0 

US 

^^^^H 

97 

no 

181 

8-0 

193 

^^M 

13-13 

W 

u-o 

183 

•■0 

193 

^H 

12-13 

90 

F.M. 

IDO 

193 

^H 

IV-Ml 

UK) 

l-o 

183 

II-O 

193 

^H 

19-ia 

101 

3-0 

184 

13-0 

IM 

^1 

1**  Okon  pat  on. 

^^^H                **  Tlif*  Kfliiee  WM  taken  off  uul  another  re^ttvriii([  3W  Ibi.  p«  •qwur  iseli  lob-            ^H 
^^^H                '*  The  fu«  of  gkuge  being  brokch,  «  piece  of  giM*  prevented  the  p«iatcr  tnm     ^^^H 

^^^^H                **  TbU  beiuit  rtnif>veit.  the  iEauiE«  now  rtffl»lertd  com>Mlj«                                           ^^^^H 

^^^H                  '*  Gbqitv  takei^  dO,  ftnd  otk«  refpstcHng  3tK>  Ib><.  «ut»tltut«d.                                             ^^^^H 

^^H                      MADB  TO  ASCERTAIN  TSR  PRRSSl'RF.  OK  GAU  IS  SOMD  COAL.        £29            ^^^| 

EPPLETON  COLLIERY.— NO.  3  HOLE Cantiimtd, 

^B 

Tbno. 

BMoouitor- 

Thar- 
iiM)iii««ar. 

'"-         r.2£S», 

BWDinstor. 

Thac- 

(BIOIDfW 

1 

Sept..  8. 

S«pt.  10. 

P.M. 

PH. 

^^1 

I'O 

193 

•>. 

4.. 

T-0 

S03 

SO-77 

71 

^1 

a'O 

l»-l 

•  ■■ 

.1  . 

s-0 

202 

»0-7i 

71 

^H 

a'O 

l'J4 

... 

S'O 

2U'J 

Sll-77 

71 

^1 

4-0 

1^4 

1., 

... 

lO'll 

i02 

Sl.r7d 

Tl 

^1 

6-0 

161 

... 

... 

ll-o 

203 

30  TB 

71 

^1 

6'0 

lUn 

.-. 

•  *. 

12f) 

302 

30-78 

71 

^H 

7-0 

V3i 

... 

--. 

Bept.  ]  1 . 

^1 

B'O 

194 

4*' 

... 

A.M. 

^M 

&'U 

194 

*.. 

a*. 

1') 

202 

30-18 

71 

^H 

WU 

l!t4 

... 

•  >• 

2V 

302 

30-78 

71 

^H 

u-o 

1»4 

... 

... 

8-0 

302 

SO-78 

71 

^H 

I2'l) 

194 

t*. 

,., 

4-0 

202 

80-77 

7t 

^H 

Sept.  fi'. 

fi-0 

302 

30-77 

71 

^H 

A.M. 

6  0 

£02 

8077 

Tl 

^H 

10 

19» 

... 

..  , 

JO 

soo 

8070 

71 

^H 

i-<i 

in 

... 

... 

80 

200 

8u-6ft 

71 

^H 

a-o 

\n 

•  •■ 

i» 

ipo 

:;iio 

:-W'fiu 

n 

^H 

<o 

i»» 

... 

10-0 

I'lW 

.W-((0 

71 

^H 

42S 

1H4 

-■f 

110 

200 

ao-fi3 

71 

^H 

c-o 

134 

... 

120 

200 

BO-tiS 

70 

^H 

«■« 

184 

3013 

ri 

P.il. 

* 

^^ 

7-0 

1H4 

30  13 

72 

i-o 

?no 

80-66 

71 

^^ 

8  0 

1S4 

311  12 

T2 

'JO 

soo 

30-fi4 

71 

^H 

9'l 

184 

.t0  12 

Tl 

30 

201 

30-63 

71 

^H 

1(1 -0 

ISi 

30' 12 

71 

4-U 

SOI 

ao-(>3 

71 

^H 

ni> 

184 

flfrin 

72 

60 

801 

ao-Gi 

71 

^H 

1 

12") 

ITO 

aoiy 

4>> 

BO 

201 

30-33 

71 

^H 

F.M. 

7*0 

200 

80-C8 

71 

^H 

3  0 

190 

30-20 

72 

HO 

2(}U 

ao-fli 

70 

^H 

20 

IW 

30  20 

73 
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^"  Mvter  Ei(;itin  uttactieii. 

"  D'lic  nbaiKlonctl  lu  allow  work  to  be  rPEumed  in  tHfs  place.     This  hole,  when 

hr\Tc[l  «1f,  wnn  toiinri  t<^  hnvc  cnicrdl  20  inchoM  into  roof  alone.     The  1Mb 

2  fetl  of  the  hole  nwe  r»pidljr  lowanlji  the  niol. 
**  liuse  to  70  It)*,  in  30  minutes. 
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81-li 

89 

HI 

221 

30-» 

69 

8-0 

216 

31-17 

«» 

■ill 

221 

8I1-47 

69 

9-0 

316 

31-19 

69 

S-0 

321 

30-57 

89 

10-0 

SIS 

31-«1 

68 

l-u 

220 

30-58 

89 

lio 

21  r 

ai-20 

89 

1 

fill 

ISO 

ao«i 

89 

12-0 

317 

31 -SO 

69 

■ 

e^ 

230 

S0-«3 

88 

Oct.  28. 

■ 

m 

230 

S0-C7 

70 

A.K. 

■ 

8-0 

230 

sni 

70 

III 

317 

81-19 

80 

■ 

(!■« 

23U 

SO^fi 

70 

2-0 

317 

3119 

6» 

■ 

11K» 

930 

30^ 

70 

90 

317 

8119 

69 

■ 

li-o 

3»^ 

80-7» 

70 

411 

320 

81-19 

«» 

■ 

12^> 

22(1 

aa-81 

711 

811 

nil 

2W 
290 

81*19 
3119 

69 

1 

Oct.  213. 

Til 

320 

8119 

a» 

AM. 

8-U 

220 

SII9 

90 

l-O 

220 

iO-Kt 

70 

Oil 

390 

81>19 

m 

»<l 

320 

so-xs 

70 

11111 

390 

81-18 

m 

8-0 

320 

Sfrff* 

70 

lilt 

310 

81-18 

89 

^1 

t-0 

220 

30-90 

89 

1211 

308 

3117 

l> 

■ 

B-0 

220 

aivw) 

69 

P.M. 

■ 

«-o 

22U 

awus 

88 

1-0 

208 

31-14 

m 

^n 

7-0 

220 

3l>il7 

88 

2t» 

3U8 

81-13 

86 

8-0 

220 

.ii':iT 

f.K 

;ii> 

31U 

31-13 

«9 

o-o 

22ii 

.iiifl'.i 

tW 

41) 

310 

81-11 

66 

IfrO 

22U 

.Hiiiiy 

6-i 

5  0 

31fi 

»HI 

S9 

u-u 

320 

31-v>i> 

89 

8-0 

316 

31-10 

M 

ia-0 

220 

31-lHt 

88 

71) 

21T 

srii 

tt 

r-H, 

81) 

317 

81-13 

68 

iti 

320 

31-(KI 

60 

»D 

317 

91-18 

•• 

2>0 

220 

31-01 

89 

1(h) 

316 

81-lS 

6S 

SI) 

32U 

31 '02 

69 

IID 

316 

81-18 

68 

4«) 

230 

31-03 

60 

1SD 

316 

8118 

69 

6-W 

S» 

810B 

69 

Oct.  39. 

6-l> 

390 

Sl'Oi 

<0 

A.1I. 

70 

230 

SI -04 

60 

ID 

315 

SMI 

66 

8-0 

320 

311)7 

811 

311 

316 

3113 

69 

»t) 

318 

31l«l 

89 

3H 

216 

31-13 

66 

UMi 

317 

3111 

Ii9 

411 

316 

31-13 

6» 

IH> 

218 

31-11 

69 

8<l 

914 

81-18 

66 

^j 

ISO 

316 

BMl 

8f 

8-0 

SIO 

81-11 

as 

^M 

^ 

J 
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EPPLETON  COLLIEftr.— NO.  8  HOLE,—  0>HtimMd. 


Tlme- 

Urn. 

BuDiDrter. 

Tlier- 

Tbuc 

Lla. 

HuciiiiiDtoi 

Oct.29. 

Oct.  29. 

AM. 

P.M. 

7-0 

20  A 

«l-i:i 

Bfl 

lu-u 

211 

»i-a» 

69 

8  0 

21  h; 

iU-13 

r.tf 

11 -ll 

210 

31-39 

II D 

till 

acm 

«L-!3 

111) 

l?ll 

31-29 

liK 

100 

■i'JS 

St-13 

m 

no 

2IKP 

31'IS 

69 

Oct.  80. 

12il 

210 

3t-|3 

69 

A.1I. 

PJl. 

l-O 

100  « 

3r2if 

B9 

1-0 

212 

SMS 

69 

20 

IfiO 

.ll-:)0 

69 

2  0 

<!]■) 

ni-13 

6» 

ii-O 

ISi 

»\i^ 

fi9 

3-U 

213 

8H3 

()9 

1-0 

170 

3l-3.> 

(iU 

4-0 

233 

si-i:t 

nu 

A-O 

ir:> 

31 'i". 

119 

5-0 

213 

SI-IT 

69 

fi-0 

3IM) 

Jll-25 

(19 

fi-0 

311 

31*21 

G» 

7-H 

204 

fll-Sfi 

fiO 

7'« 

314 

3i-2a 

69 

80 

208 

ai-s-i 

no 

80 

214 

3 1-24 

69 

9-0 

ioa 

31-25 

C9 

90 

314 

Sl-37 

6d 

10-0 

208* 

31 -iS 

CO 

'  Wwit  up  to  100  ]t»,  in  twentj  raioDtoi:. 

'  Gaupe  tftkcn  off  and  pressure  run  <Iown ;  meter  AttRcb^d,  nbrn  the:  qunnti^ 
of  gtui  issuing  fnirn  the  liolc  wutt  to  nmtki]  ns  not  to  turn  the  meter.  Thu 
hole,  wtinn  hewed  off,  wu  fouiiiL  ici  be  15  incliea  below  th«  not,  and,  UiRre* 
/ore,  nhoLEy  lq  tbe  coal. 
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^ 

^^^H                          II.— THE  BOLDON  EXPEKTMI 

* 

!N*T8. 

HOLES. 

1 

BOLDON  COLLIERY.-NOS.  1  AND  3 

^M 

Ho.  1  UoU. 

No,  >  nola. 

i    No.  1  Kola, 

Ko-SUoK 

^M 

Tin*. 

SOOlb. 

3001b. 

TUa«, 

MO  lb, 

SDOIb 

^^^M 

Quro. 

a«u(«. 

Uaur*- 

Uui(a. 

I 

1680. 

U*7  14. 

Mv  IS. 

^H 

F-.IC. 

A-X. 

^^1 

1-40    > 

0 

0 

I|-Si> 

Sfl4 

282 

^H 

2-20 

£5 

70 

12-00 

Ki 

282 

^^1 

2-60 

40 

112 

F.M. 

^^^^H 

s-wi 

46 

ISK 

12-flO 

888 

282 

^^^^H 

8-SO 

68 

1S5 

l-OO 

SM 

281 

^^^^H 

4-00 

72 

180 

1-30 

S5« 

282 

I^^^^H 

4-SO 

88 

IDS 

200 

Wi7 

280 

^^^^H 

6-O0 

100 

£10 

2-30 

sr>8 

280 

^^^^H 

6-SO 

110 

iis 

3-00 

SM 

280 

I^^^^H 

eno 

1S5 

SS6 

s-ao 

ffin 

278 

^^^^H 

e-so 

MO 

£34 

4-O0 

SSI 

2TS 

^^1 

T-OO 

1R7 

S»8 

4-SO 

38« 

288 

^H 

7'SO 

in 

24S 

6-00 

363 

288 

^H 

8-00 

1K7 

240 

6-30 

804 

28S 

^^^^1 

8-SO 

I»2 

248 

6-00 

868 

280 

i^^^^H 

OW 

202 

262 

6-SO 

884 

200 

l^^^^l 

9-50 

2IC 

26$ 

7-on 

887 

288 

^^^^H 

lO-ilO 

22S 

ZftS 

T-30 

3^8 

238 

^^1 

in-50 

2M 

261 

800 

sea 

2B»  • 

^H 

ll-CKI    » 

£16 

263 

8-BO 

870 

^H 

II'SO 

2fi0 

2M 

B^W    • 

873 

.. 

^H 

12-00 

27» 

2e9 

9-80 

low 

B7& 

877 

■■ 

H 

May  IB- 

10-80 

878 

^, 

^H 

A.H. 

II-OO 

877 

^^1 

12-30 

•m 

270 

U-80 

878 

^, 

^H 

1-00 

3H 

272 

]^00 

37» 

,, 

^H 

1'30 

322 

27» 

May  t«. 

^H 

2-00 

328 

>7« 

A.U. 

^H 

2-80 

Ul'fl 

779 

ia-3() 

880 

... 

^H 

soo 

3:il) 

281 

1-00 

880 

... 

^H 

g-30 

.-»!                    283 

1'30 

880 

... 

^H 

4-00    » 

3^'J 

284 

5!-00 

881 

... 

^H 

4-30 

3i9 

263 

2  30 

883 

.«• 

^H 

BW 

xw 

2»2 

aflo 

8«S 

44. 

^H 

5-H 

S33 

28a 

3'SO 

883 

... 

^H 

6<00 

ffita 

282 

4'flO 

888 

^H 

S-SO 

341 

288 

4'30 

381 

^H 

7-00 

344 

262 

J-tK) 

888 

^H 

r-30 

Hi 

283 

&-80 

388 

^H 

800 

319 

3»3 

f-OO 

888 

... 

^H 

8-»0 

949 

S83 

i-80 

881 

... 

^H 

9-00 

»49 

ZKt 

T-00 

882 

>*. 

^H 

9-M 

S50 

382 

7-30 

888 

... 

^H 

1000 

SAI 

282 

8-00 

881 

^H 

nmo 

SA« 

282 

B-m 

882 

^H 

ii«> 

8AS 

SA2 

9-00 

882 

... 

^H 

'  Qmuim  pat  un. 

^1 

^^^^^^^L           *  Comni-nccd  to  lv>re  Hr>,  8  Hole, 

^^^^^1 

^^^^^^1           *  Al  S'lS  No.  1  fUKfe  Ml  bark  3  ItM.    A  »m«ll  blown-  came  off  at  No. 

2Ba|«^      ^^H 

^^^^^^^1            *  Kon  oil  No.  It  gftugx  wxl  atiarlwd  g lu  meter. 

^^^^H          *  C«aMit  boriDg  No.  S  Hnlc. 

_1 

UADR  TO  ASCERTAIN  THE  PBESBUBK  OF  GAS  IN  UOLID  COAL. 


2i7 


BOLDON  COLLIERY.-NOS.  1, 

2,  (oon/rtiiifiO  3 

AND  4  HOLES. 

»4.  1 

Ka,  a 

Nm  3 

N».  •    : 

Nq.   1 

No    3 

y<i  3 

No.  4 

HoV. 

HuV 

Holn. 

Hrti.;.    1 

Ho'c 

HoTo. 

Hoi-. 

II  Ola. 

Tin*. 

UUlb. 

aooib 

(UOItr, 

Ttffl». 

SOOlb. 

logo  II.. 

.saiib. 

>001b. 

•jBUgs. 

(Kti(e. 

Obiiic 

UuuKV. 

IHnKS 

Oauo-. 

QaVfc. 

U&y  16. 

M«y  17. 

A.U. 

A.U. 

aao 

38-2 

1  »* 

-1. 

... 

12- .SO 

■  i. 

17H 

£22 

.146 

loort 

S82 

1  >i 

... 

... 

l-dO 

... 

\m 

221 

.^M 

10-30 

S82 

■  ■a 

... 

1-30 

..  - 

1^3 

t!-n 

.'152 

1  l-W) 

.-ie2 

<-■• 

... 

-fi 

2^)|^ 

... 

184 

221 

&H 

ll-8<) 

as2 

■  •• 

... 

... 

sni) 

... 

18.1 

21 S" 

SM 

12-00 

3S2 

**« 

... 

..- 

«-0(> 

... 

ISH 

313 

HaS 

P.X. 

3-30 

... 

TJO 

214 

ano 

12-30 

382 

... 

p.. 

... 

4-00 

•  •• 

1113 

211 

3^3 

i-oo 

3S3 

•  «. 

... 

.•• 

4-»0 

... 

teo 

21  i 

.tn4 

i-»o 

38S 

-.. 

«, 

... 

5-00 

... 

ISfi 

211 

3RI 

i-es 

382* 

.,, 

... 

... 

5-30 

... 

lt<7 

221 

36S 

2-13 

•  «. 

,, 

0' 

... 

6-00 

•.. 

199 

229 

3(i6 

2S0 

*«* 

*k  ■ 

0 

... 

fl-30 

... 

203 

sa7 

3(1H 

s-wi 

-■• 

... 

0 

... 

7-00 

... 

205 

237 

370 

3-00 

•  ■• 

•■• 

0 

... 

7-30 

... 

20S 

238 

370 

8-«3 

--■ 

•  ■• 

..1 

0* 

s-oo 

••• 

305 

336 

fl-n 

8-45 

*.. 

0 

8 

0 

8*30 

... 

son 

S38 

370 

41'0 

•  «« 

IS 

11 

0 

9-00 

... 

2U« 

2.t8 

371 

4-1 B 

•  ■• 

37* 

20^ 

0 

9-80 

... 

207 

238" 

372 

4-3() 

«•  - 

fiO 

34 

a 

lO-OO 

... 

20(J 

230 

373 

l-+r. 

■•■ 

67 

30 

26"" 

lO-WJ 

... 

211 

2»(i 

374 

BOO 

*•■ 

77 

as 

47 

lUMl 

... 

£12 

2,11" 

374 

5-15 

•  ■  1 

87 

37 

76 

11-30 

... 

2ld 

233 

375 

CIO 

,„ 

97 

W 

110 

IS'OO 

... 

2)4 

216 

3To 

S'15 

-., 

lOEl 

fiO 

120 

P.M. 

(!■«« 

«■« 

106 

£R 

120 

12-80 

*•• 

215 

S1& 

37G 

G'l& 

-1  > 

IKI 

fi: 

120 

100 

... 

217 

21 ;{ 

377 

e-80 

„, 

UK 

HO 

12(1 

1-30 

... 

217 

214 

377 

6-45 

■  •■ 

121 

92 

121 

200 

... 

217 

213 

377 

7-00 

■  ■* 

lih 

loa 

170" 

i-3n 

... 

217 

210 

37B 

7-16 

.*i 

1.10 

120 

27ft 

300 

■  •. 

2)7 

210 

3r« 

7-39 

<•• 

1.14 

i;i7 

aaa 

3-30 

... 

217 

i> 

380 

TI6 

If  • 

13S 

ne 

28& 

400 

... 

21» 

... 

380 

«-oo 

..- 

141 

377 

2UI> 

fiOOlb. 

815 

-•• 

U» 

303" 

300 

4-10 

gaagc 

■  •■ 

oo* 

'•• 

83n 

--* 

14K 

224 

3tWi 

put  on. 

9.^^ 

4t    • 

1G2 

239 

SIO 

412 

,, 

... 

>■> 

381 « 

9-00 

>■• 

laS 

!4I 

.Dfi 

i'SO 

20 

219 

0 

0 

9-lfi 

*■    * 

157 

■iti 

.'120 

4-4ft 

30 

22(1 

0 

4^ 

930 

<•• 

inn 

2H9" 

324 

3«) 

.17 

SSO 

u 

88 

94A 

■   i    ■ 

199 

237 

824 

li'lK 

45 

220 

34 

132 

1000 

>•• 

163 

225 

!I2K 

E-10 

£4 

220 

4S 

IfiO 

wm 

<-. 

1C& 

?19 

331 

S4:> 

fiO 

220 

m 

190 

11-00 

■P- 

168 

au 

830 

B-ffl) 

fi7 

330 

M 

220 

11-30 

«    ■-■ 

171 

I'lO" 

310 

fl-lft 

77 

231 

liG 

246 

II-UO 

■   ■> 

176 

218 

34a 

6.10 

«4 

222 

76 

atio 

6'4G 

9a 

323 

85 

377 

7-00 

100 

333 

94 

288 

"  Took  gauB«  off  No.  1  Bote  ftccl  at- 

tnofacd  meter. 
'  A  t  S- 1 ;i  put  filKI  Ih.  patigc OD  No. 3  Hole. 

*  rat  fc«a|te  oa  No  4  Ho)*!. 

*  No«.  3  wid  3  fiBUirca  rininn  nplcllr. 
"  No,  i  gnu^c  rining  mpidly, 

"  ForiTiil  a  lenkftgd  in  cement  in  No.  3. 
'*  At  «t-'0  No.  4  s*iugv  bejiuii  to  ri»c  rwy 

rapidly. 
'^  No.  ;t  eftugo  rising  vciy  rapidly. 
**  A  IcaUu^  xt  pipa--  end  of  No.  3  Hole. 
"  At  11-40  leakage  Ivuk  up  Mid  gauge 

bflgun  torbe. 


'*  Vo.  3  Hole  tie^nn  to  leak  aeala. 
I''  No.  a  full  bnuk  2  lb<r.  from  9\  lo  10. 
'•  11  tfi   II)   Ni.  3  fell  back  from  287 

lo  223,  lenkitge  in  fit  tin  ga  at  pipe 

end. 
'*  Commenced  lo  lake  tbe  &00  lb.  gauge 

ofFNo.  :i  Hole. 
*  1,000  lb.  (laiiEe  put  od  to  No.  3  Hole 

and  slarte!). 
*'  OomsDoncMl  to  take  400  lb.  gnsge  off 

No.  4  Hole. 
"  Put  1,000  lb.  gauge  on  ^o.  4  BoIk 


^^H             S4S               TABLBR  SUOVrUNO  I'ABTXOUUBS  VF  THK  KXPCBIMIUITB 

^ 

BOLDON  COLLICRY.-NOS.  1.  2,  9,  AND  4  HOLZi.-GmtiMmrJ, 

^B 

Ko.  1 

Ka.S 

No.  3 

K4.4 

Na.  1 

Ko  S 

II«.  S 

M«.  4 

H 

ar>K 

Bato. 

Hoi». 

Hoi*. 

Rala, 

Hula. 

Bel., 

Hot*. 

^^H 

Tlae. 

wo  lb. 

1.000 1^^. 

1,0001b. 

IJWOIb. 

Tlin*. 

an  lb. 

1,000  lb. 

1.000  lb. 

umtb. 
Oaof*. 

^^^^^H 

0«nf«. 

<hUBo. 

Qvivt, 

<hun. 

Onus*. 

Omub*. 

OsOKV. 

^1 

P.K. 

M«r  \H. 

7-30 

112 

ssa 

ISO 

302 

P'.K. 

^H 

800 

ISA 

222 

IM 

SIS 

:>-30 

SUS 

242 

463 

864 

^H 

8-30 

110 

233 

1Q2 

331 

I0()0 

384 

244 

4.->3 

364 

^H 

»K)0 

153 

223 

240" 

33C 

10.10 

.S8& 

346 

463 

364 

^H 

0-.1U 

16i 

284 

2!J4> 

329 

11-00 

387 

247 

463 

864 

^H 

1000 

172 

224 

346" 

3.'32 

11-30 

3H8 

248 

463 

A6& 

^H 

10-30 

184 

324 

380 

334 

1200 

3?9 

200 

464 

364 

^H 

11-00 

196 

326 

400 

33« 

M»j  in. 

^H 

11-30 

SIO 

226 

410 

a^s 

A..1I. 

^H 

l'2-OO 

210 

226 

412 

839 

12:10 

H'M 

2BU 

466 

362 

^H 

May  18. 

1<K) 

:ti*l 

363 

4SS 

363 

^H 

A.M. 

1'50 

31)2 

".I** 

466 

863 

^H 

12  iW 

£26 

226 

417 

840 

200 

sn 

261 

467 

363 

^H 

1-00 

SXl 

226 

420 

343 

230 

393 

266 

467 

363 

^H 

lao 

S<2 

326 

434 

344 

3-00 

394 

266 

457 

363 

^H 

2  00 

•2aO 

uan 

428 

344 

3-31) 

,'{y.i 

257 

457 

833 

^H 

S'MJ 

l>ull 

227 

4.10 

346 

400 

398 

267 

457 

fUUI 

^H 

8  00 

2fiK 

22B 

434 

346 

4  30 

:195 

257 

457 

363 

^H 

:i-m 

:i74 

229 

435 

34« 

600 

897 

2£8 

458 

362 

^H 

i-m 

l'«3 

23U 

437 

347 

6-30 

H»t 

2fiU 

468 

862 

^H 

4  30 

a^8 

23(1 

4311 

347 

600 

399 

260 

468 

330 

^H 

6  00 

a«3 

23CI 

442 

348 

6-30 

39il 

261 

4^8 

848 

^H 

tm 

297 

230 

442 

349 

7iX> 

3V9 

2lIS 

468 

317 

^H 

6-00 

:W2 

2.11 

443 

34V 

7-30 

4U0 

2f.2 

46K 

346 

^H 

G'3U 

808 

232 

443 

349 

800 

400 

26.^ 

469 

846 

^H 

7-00 

nn 

232 

444 

3S0 

830 

400 

203 

460 

au 

^H 

7  30 

»18 

232 

444 

350 

900 

401 

264 

460 

S4S 

^H 

8-00 

322 

S3S 

444 

HM 

gao 

402 

26.1 

460 

844 

^H 

S-30 

32T 

232 

446 

3S0 

10^» 

403 

36« 

460 

843 

^H 

U-00 

330 

232 

446 

HM 

10-80 

404 

366 

460 

344 

^H 

«30 

sae 

233 

417 

360 

11-00 

406 

366 

460 

839 

^H 

10-<>0 

sto 

234 

448 

360 

tun  oft. 

^H 

10  80 

843 

334 

448 

850 

]|-.^0  R«yilCoinm*Mn.lM{«<tcdba 

rtliolet. 

^H 

1100 

843 

334 

44S 

863 

1200         406    ,      32 

461 

33a 

^H 

11 -30 

sia 

236 

4M 

862 

r.u. 

^H 

12-00 

Ml 

S37 

4S0 

3A2 

12  30 

406 

6a 

461 

sss 

^^^^M 

r.K, 

100 

407 

103 

461 

310 

^^^^M 

12-30 

868 

S88 

450 

363 

ISO 

407 

120 

161 

343 

^^^^1 

roo 

iM 

238 

460 

363 

a  00 

407 

140 

461 

314 

^^^^H 

1-30 

366 

240 

4S0 

3S3 

330 

108 

1S6 

490» 

343 

^^^^H 

2-00 

859 

310 

460 

363 

9  00 

40S 

168 

441 

3i$ 

^^^^H 

2-90 

K9 

341 

450 

363 

3-;«) 

110 

179 

440 

31T 

^^1 

S-00 

S90 

242 

46 1 

363 

4  00 

410 

1H9 

440 

84T 

^H 

S-90 

864 

24S 

462 

864 

4.10 

410 

IBT 

439 

SIN 

^H 

4-00 

864 

343 

463 

366 

6  00 

410 

306 

4.<f8 

848 

^H 

i-SO 

HRo 

348 

463 

366 

6-.10 

410 

309 

439 

348 

^H 

ft-00 

3G6 

218 

463 

SU 

«-flO 

410 

314 

440 

S48 

^H 

630 

:tint 

S43 

468 

33* 

6  30 

411 

3IK 

438 

S«« 

^H 

A-00 

370 

243 

464 

3J4 

l-Of} 

411 

333 

487 

8« 

^H 

e-ao 

871 

313 

453 

324 

7 -So 

411 

226 

437 

au 

^^^^^ 

1i» 

87S 

242 

462 

864 

S-Oli 

411 

329 

43T 

818 

j^^^^H 

:•» 

373 

242 

462 

364 

K-3U 

412 

331 

436 

H8 

^^^^H 

B-OO 

377 

342 

462 

364 

ft-oo 

412 

339 

436" 

S4« 

^^^^H 

8-ao 

378 

242 

iXi 

864 

VMi 

413 

337 

438 

Stt 

^^^^H 

HW 

378 

343 

4M 

364 

Ift-DU 

414 

239 

430 

»1 

^^^H 

■rronOtotrao 

No.  3  row  S*  lb*.  «nd  wm  Mill  folUB  u^ 

'^H 

^^H                           rrom  ID  to  lOJ 

Na.  8  nM  34  lbs. 

^^^^^H 

^^H                       *  At  3-40  No.  3  b 

Mc«n  to  leak.      Bcpui  to  leftk  M  tbe  jaint  bnltm  U|l 

^^^^H 

^^^M                       **  Prom  S  to  9-30 

No.  8  foil  back  12  link  tbroogh  ■  iMkagc  st  Lb*  ]oinl 

ft 

J 

MADE  TO  .%HCERT.\IX  THE  PRESSURE  OF  OAfl  IS  80UD  COAT,. 

H 

BOLDON  COLLIERY.-NOS.  1.  3,  3,  AND  4  HOLES.-OnffHvmf. 

■ 

No.  I 

No,  a 

No.  3 

No.  4 

No.  I 

No.  8 

No.  3 

No.  4 

1 

Hobi. 

Hoi*. 

no  Is. 

Huh, 
LUW  lb. 

Hola. 

Bain. 

Ha1«. 

Holv, 

^^H 

Time. 

fiuoib. 

UKW  III. 

i.u»  lb. 

Tim*. 

SOO  Jb. 

1  .OW  lb. 

l,(i(H>Jb. 

i.oeoiii. 

^^H 

l^BD^D. 

•J«uKo. 

GkUfca. 

Oiugv. 

Uaiig«, 

Gatm. 

■ 

Mit.T  lit. 

Ua7  31. 

P.M. 

A.ii. 

^^1 

10-30 

414 

211 

41H 

3ft2 

13'Sl) 

421 

388 

311 

34» 

^H 

11-00 

414 

•143 

415 

3S2 

1(HJ 

421 

289 

30H 

348 

^H 

ll-flO 

414 

245 

■tos 

853 

130 

121 

289 

30N 

318 

^H 

lX-00 

4IS 

217 

400 

3fl2 

2IHI 

221 

289 

308 

.tis 

^H 

Ua.ySa. 

2.10 

421 

38» 

309 

.-148 

^H 

i..H. 

8  00 

4^1 

2»9 

.109 

349 

^H 

13-30 

41« 

iid 

400 

SR* 

8  30 

4^1 

atty 

312 

319 

^H 

1-1(0 

41^ 

2  Mil 

400 

S,'i3 

41W 

421 

2M 

.116 

SM 

^H 

1-30 

4IA 

'J.'.l 

»M 

;tn:t 

4-30 

421 

2111 

315 

350 

^H 

2-00 

4ir. 

202 

S90 

S03 

5-Ot) 

431 

2a  I 

315 

3flu 

^H 

2-80 

4ir> 

254 

aK5 

S63 

fi-ao 

423 

2'J2 

317 

3fiO 

^H 

.H-IXI 

4ir. 

2Sfi 

»8U 

U9 

6-OU 

423 

292 

818 

3B1 

^H 

33U 

4ir> 

257 

»72 

sns 

(5-80 

422 

•j^t 

330 

351 

^H 

4'(X» 

415 

26R 

S72 

aas 

7-00 

432 

2112 

319 

3fi2 

^H 

4S0 

4m 

SnV 

a72 

»7>3 

7 -SO 

422 

2113 

3111 

.Hr.2 

^H 

/^-IH) 

417 

260 

370 

:i»3 

8-00 

422 

2'.".T 

320 

SG2 

^H 

ASU 

4H 

2fil 

:iiir. 

:iR3 

s-so 

422 

293 

323 

362 

^H 

C-00 

Its 

2IS3 

.103 

Hfi3 

tt-lMI 

422 

2!I4 

Sli" 

UU 

^H 

690 

1IK 

263 

HhC, 

s:,3 

il'JtU 

4^3 

2114 

32fl 

:i(iO 

^H 

7"W 

4E8 

264 

asu 

:ifi3 

IIKH) 

423 

2W 

322 

Kl^U 

^H 

7-30 

41S 

20S 

2.W 

353 

]0-.tn 

42» 

S%'> 

3;u 

350 

^H 

800 

4L8 

HU 

243 

us 

11-W) 

423 

295 

»34 

X50 

^H 

fi-20 

41K 

267 

:j43 

SB3 

Il-fiO 

423 

■jm 

sm 

350 

^H 

BOO 

418 

2«7 

1140 

3S3 

:2-oo 

423 

2iia 

338 

950 

^H 

»30 

4m 

3«7 

3<I5 

HSH 

f.ii. 

^H 

I0-O(l' 

418 

2S9 

:i30 

aj3 

la-fio 

423 

297 

340 

350 

^H 

lU'StI 

41K 

270 

3SS 

flSS 

i-no 

423 

an? 

3  40 

S48 

^H 

lliWI 

ii» 

271 

316 

35S 

1  -Ho 

424 

297 

340 

348 

^H 

11-30 

419 

272 

304 

3CS 

2-00 

424 

297 

340 

318 

^H 

12-UU 

41E 

273 

298 

353 

a-30 

121 

207 

840 

348 

^H 

I-.K. 

3-UO 

121 

S97 

340 

348 

^H 

l2-:in 

419 

274 

294 

323 

.1-30 

424 

298 

33» 

348 

^H 

j-w 

4:i[i 

•2Th 

2yu 

.153 

4-00 

124 

28R 

D^K 

848 

^H 

i:(o 

421.1 

27(1 

2-'^ 

3S3 

4-:« 

124 

3SB 

33H 

318 

^H 

2'<K) 

420 

2TC 

2>t4 

353 

I'i-b*] 

121 

398 

338 

348 

^H 

2.tU 

130' 

377 

280 

3.W 

c-iw 

434 

2»8 

RS9 

318 

^H 

H'lX) 

i2lt 

277 

2^8" 

H5» 

«-oo 

124 

298 

339 

31K 

^H 

.I'lll) 

420 

279 

2»4 

85S 

»-3« 

1X4 

399 

889 

318 

^H 

i-m 

420 

sao 

29» 

353 

7-00 

134 

399 

339 

:il8 

^H 

*'30 

430 

280 

3af' 

3S1 

7-30 

124 

390 

837 

318 

^1 

il'lK) 

4:fO 

2«0 

2»2 

Hr.<> 

S-LN) 

424 

SUB 

337 

318 

^H 

5-3(1 

420 

2H3 

2!»S 

H30 

8-.'M) 

131 

299 

337 

318 

^H 

fiW 

421 

382 

29K 

■MS 

tf-Ui) 

424 

299 

33T 

318 

^H 

6 '30 

421 

282 

2W 

,41» 

i>:io 

424 

299 

337 

818 

^H 

;-oo 

4»1 

28.1 

■am 

HIK 

1<MW 

424 

2^7 

337 

»1H 

^H 

J -30 

431 

284 

am 

;)4t; 

l^l-;^D 

434 

2!)e 

337 

:14H 

^H 

8U0 

431 

214 

;m)7'« 

:i4A 

11 -OH) 

424 

•in 

337 

318 

^H 

g-Sil 

421 

21*5 

au^ 

»ifi 

1 1  -30 

431 

29d 

337 

318 

^H 

ami 

431 

2K(> 

313 

a44 

I3'uy 

424 

•2m 

337 

318 

^H 

!)-lH) 

421 

286 

810 

344 

Mnjr  22. 

^H 

]00l) 

421 

287 

.ins 

i\i!, 

A.M. 

^H 

]0-.'10 

421 

287 

805 

343 

12-80 

424 

29& 

337 

318 

^H 

II-WI 

421 

287 

312 

341 

HMl 

434 

•2HR 

337 

318 

^H 

J I -ait 

421 

2S7 

HI« 

348 

l-.Hl) 

124 

■2H 

337 

348 

^H 

I2-0O 

421 

2»S 

816«» 

948 

a-oo 

434 

211b 

337 

318 

H 

"  N'u.  S  cunlinued  to  fall  DiHit  2-80  p.ni.,  when  It  b^nn  la  n>  up. 
*  lOO  droEis  of  water  per  iniimle  drojiping  from  fiUiiiftB  <*i  Ko.  3. 
"  Xo.  3  rcaftiugs  vtr^  utiEiuuly,  ftod  toe  hole  HCiil  leaking. 

^1 

^^^^M 

m 

200  TABLKB  riHOWINCJ  PAnTIOUl.AIlS  OF  THE  tlXPEBtVEXTH 

BOLDON  COLLIERY.-NOS.  1,  i,  3,  AND  4  HOL^3.~€i>MlimMd. 


Xo.  I 

So.  3 

No.  5 

Sot 

No.  1 

No.  2 

No.S 

So.  4 

Uolo. 

link. 

Hole, 

KUOIfa. 

Ho^a, 

Hoi*. 

HoU. 

Hota, 

Hal«i 

1,000  lb. 

TiB*. 

SOD  Ik. 

LUKlIb, 

l.WOIb. 

Tita* 

MO  IV. 

l.OCO  lb. 

l.UfOlk 

Oug*. 

Oaat*- 

CHuf*. 

Oauipt. 

a«u««. 

Oiuffa. 

Oanc*. 

QMur*. 

U*y  S3. 

M>j  22. 

AJf. 

P.M. 

2-3U 

4S4 

290 

aa? 

348 

I'30 

43S 

297 

340 

S4« 

8-00 

434 

SIl)i 

h:w 

S4S 

3-ao 

4iS 

2»T 

3i!0 

SW 

»-so 

434 

206 

841 

34  B 

2-30 

42$ 

3»t 

H&3 

848 

4-CHJ 

421 

SSIIJ 

84* 

948 

HOO 

42.'. 

297 

aw 

814 

4-80 

4SI 

29U 

Sir, 

348 

8-3U 

42.% 

247 

aw 

»H 

R-00 

i2* 

2U6 

344 

»4H 

4*1111 

42.1 

2*7 

MS 

314 

5-811 

424 

2C0 

»43 

Hti 

1-30 

435 

2»7 

37S 

310 

0-00 

4:i4 

aaii 

:H2 

SW 

R-00 

4S& 

aw 

877 

310 

B-30 

421 

2'JI> 

341) 

348 

G'30 

4S6 

2»7 

3X0 

340 

7-tWJ 

42i 

2'jr. 

»4ri 

»4N 

R-IMI 

4» 

2»7 

SHU 

840 

7-ao 

at 

3!(R 

.142 

348 

11  SO 

43J 

2»7 

liHIi 

310 

8-00 

^■2^ 

2UR 

343 

348 

7-110 

43& 

297 

aHS 

340 

8-»0 

421 

291! 

34 1 

348 

7  30 

425 

2»7 

383 

31U" 

9-O0 

4:J< 

ZUC 

»4S 

349 

Mat  -3 

9-m) 

421 

2U7 

»4I 

348 

A.M. 

10-00 

421 

2il7 

344 

348 

."v'45 

435 

2*7 

383 

340 

10-80 

423 

2117 

.1411 

.148 

Ma,v  21. 

11-00 

42:> 

2HT 

.11  «* 

348 

A.H. 

11-30 

4-JS 

3SI7 

3*W 

348 

4  30 

ISA 

2«7 

:-ir>3 

310 

13W 

4:ta 

:iv7 

2tU 

34B 

M*y  2^. 

P.1I. 

AM. 

ia-3« 

425 

297 

SIO 

348 

BOO 

isa 

in 

S8S 

810" 

I-«) 

422 

ay; 

324 

348 

BOLDON  COLLtERY.-NO.  5  HOLE. 

TtM. 

Ko.  S  Hola. 

Tim*. 

Vo  5  Uol*. 

Tin*. 

Ho.  >  Hota. 

1880. 

JUDB  15. 

A.M. 

415 

fflU 

8-15 

139 

1-45 

150 

4-20 

r.3 

8-30 

140 

S-flO 

159 

4-26 

il3 

8-1.* 

110 

215 

159 

4  34) 

115 

ynm 

HI 

SSO 

ISO 

4  3* 

iy3 

!»']n 

144 

S-45 

l«l 

4-40 

130 

0-»i> 

148 

a'OO 

Iff 

4  ir. 

133 

ll-4fl 

119 

3-lJ^ 

IA2 

4MI 

134 

lU-00 

149 

a-30 

l«3 

4-55 

135 

10-15 

119 

3 '4ft 

in 

&f4l 

135 

lU-30 

]M 

4-00 

16*           1 

516 

1.14" 

iii-4r. 

150 

4-ia 

let        1 

5-30 

130 

inn 

131 

4-30 

155**         1 

530 

131 

11-13 

16) 

4-45 

157             ' 

t.l& 

131 

ii-:tii 

151 

5«) 

lax 

Aoe 

132 

1  i-4ri 

I5S 

515 

158 

«I5 

132 

12-OfJ 

152 

5-30 

Ifit 

fi-30 

132 

P.M. 

5-45 

159 

64a 

133 

12-IS 

153 

evo 

159 

7-0(1 

133 

12-30 

1 53 

«I5 

160 

7-1.1 

131 

12-45 

134 

em 

100             1 

7  30 

134 

1-00 

I5< 

A-45 

IM 

7-45 

135 

H5 

157 

JDO 

160 

8«1 

IB7 

t-3D 

158 

115 

180              , 

*  At  10*40  tbo  )irvMur«  oo  Ka  8  boiinn 

to  ICO  Inck.  llic  InkatfQ  fncrcMlnff. 
*■  Ko  bMlt  hoorljr  TvaiUnso  takiD  afur  ioIr. 
**  Knn  ftll  the  piu^B  tA 
•'■  hii  on  K»ugc. 


"  Joint  Inilcing  40  dmpa  per  n.  WhiM 
DiukinR  iIkIii.  ib«  SAUgv  Uk\  bom 
IM  U>  130  lbs. 

**  500  Ih.  tauge  put  OD. 


MADE  TO  ASCEIITAIN  THK  PRT.SSimR  OF  OAS  TN  SOr.ID  COAL. 
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BOLOON  COLLIERY.— NO.  5  HOLE.—  Cimtinwd, 


TiiBa. 

N».  S  Bole. 

Time. 

No.  5  Hole. 

TIum. 

K0,ftHo2a. 

Jnrjp  16. 

Jane  16. 

Juno  Ifi. 

I'.M. 

A.M. 

P.M. 

7  30 

160 

3-30 

t«S 

lais 

171 

7-« 

161 

3-15 

IRS 

13-SG 

172 

8-00 

Ifill 

4  MM) 

IKU 

12-43 

172 

R-]fi 

162 

4  IS 

im 

t-IUI 

I7J 

8.10 

162 

4  30 

ie» 

115 

172 

6'4e 

1G3 

4-16 

169 

I-StJ 

173 

»■<» 

it;:t 

aoo 

I  EH 

|-4.i 

I7S 

W'lS 

lH!) 

6-lfi 

im 

2-on 

ITS 

fl:io 

1RH 

B30 

169 

2-15 

I7J 

!J'tJ 

163 

fil0 

16!) 

2-SO 

172 

l(l-0(» 

iRi 

6-UO 

IHI) 

3-46 

ITS 

10' 16 

1(11 

615 

tB9 

!l-<l« 

172 

10^30 

imi 

6-90 

les 

10-45 

172 

10'4ft 

164 

£46 

170 

IVW 

11)4 

7  ■in 

170 

June  17, 

IM.; 

16Q 

71S 

170 

A.M. 

11 -.10 

lliB 

730 

171 

3-Chp 

17S 

ir« 

166 

7-46 

171 

1-30 

174 

IS'OO 

1(14 

8'()U 

171 

7-no 

176 

815 

171 

IHH) 

174 

June  1R. 

830 

171 

A.II. 

8IA 

171 

I'.U. 

IS'IG 

1G4 

ym 

171 

1-15 

I7G 

12-»l> 

in;i 

!)  Ifi 

171 

3-00 

176 

12-4.'5 

IM 

s.'io 

171 

5-4fi 

176 

10t> 

ICO 

fi45 

171 

10-(5 

174 

1-18 

Itifi 

1000 

171 

1  •:iti 

icn 

lrtl« 

171 

J 111  Id  18. 

i-ir> 

IfW 

1030 

171 

A.M. 

•2-m 

H)» 

]n'4A 

171 

i2-;io 

176 

2-1& 

lO'fl 

1J(10 

171 

&'iii 

175* 

iSiy 

](!(( 

11  15 

171 

ai5 

167 

11-30 

172 

Julys. 

3 '00 

167 

11-4S 

in 

A.U. 

31. % 

ir,8 

1200 

172 

U-tHI 

ITS'* 

TUE  H.\UTO?J  EXPERIMENTS. 


HARTON  COLLIERY.— NOS.  1.  2,  AND  3  HOLES. 


Tim: 

So.  1  Hole. 

ria.3HiiI». 

Ho,3Bnl«. 

Time. 

»o.  1  Bola. 

So.  i  Hols. 

No.  3  nolo. 

IS  83. 

June  6. 

Jnne  6. 

A.U. 

A.ll. 

a-itfl 

0 

0 

1 

4- 2.5 

,    37 

15 

a-s."! 

10 

0 

4-M) 

38 

U 

3-4n 

13 

0 

4;i.i 

4C) 

23 

B'4rj 

2fi 

1) 

• 

4  40 

41 

U 

3-fin 

22 

0 

4'4B 

43 

SQ 

3.15 

25 

0 

4-60 

48 

as 

4-00 

27 

0 

4-M 

4S 

88 

4-irr) 

28 

n 

fiOO 

47 

40 

4-111 

3(1 

fi 

6-05 

50 

42 

4-IS 

32 

0 

fi-tO 

53 

44 

1-XO 

3A 

10 

fi-15 

S-i 

BO 

"  Conlinuc^il  nt  ttits  preKnn  re  until  July  2.    **BxperiDiDnt  iliKontiDued,    '  Gftugea  puton. 
VOL.  icxx.-un.  ^  '* 


^^m        252 

TABLES  SHOWIXa  PABTICITUKS  OK  THE  RXPERIXEST8 

^ 

HARTON  COLLIERr— NOS.  ).  2,  AND  3  HOLES.— Omtiuwd, 

^ 

TUm. 

Sly.  1  Hoto 

!4o.  t  aal«. 

tfi>.3R9l». 

TtsM. 

Ho.  1  Hola 

llo.lHal«. 

No.  s  nob. 

a 

June  6. 

■TuDG  6. 

A.M. 

A.U. 

^^1 

6-20 

3l> 

34 

•*• 

IO-20 

130 

184 

•.. 

^H 

fi-2S 

.IS 

r.7 

■•■ 

10-95 

120 

181 

.•■ 

^H 

fi-ao 

1.2 

fiO 

••> 

10-M 

120 

187 

■■•■ 

^H 

fi'35 

5a 

112 

«>. 

ll)-3S 

120 

190 

••■ 

^H 

6*40 

s- 

fl5 

•*• 

10-40 

IL'O 

190 

^H 

5-10 

88 

70 

*** 

10-43 

1-21 

190 

>.. 

^H 

6-50 

fiO 

7S 

••■ 

lO-SO 

122 

190 

^H 

fi-B5 

(Hi 

HU 

••• 

10-55 

123 

183 

»• 

^H 

&m 

m 

«3 

*.. 

11-00 

12A 

195 

Ml 

^H 

fivr, 

HI 

hi 

••■ 

n-oB 

lU 

l»fl 

■  •■ 

^H 

fi-IO 

III 

IM) 

•■• 

11-10 

127 

I9C 

>•■ 

^H 

6-1  & 

«2 

94 

•*. 

IMS 

12t 

I9n 

••. 

^H 

6-M 

•U 

ino 

•  •. 

11-30 

128 

190 

... 

^H 

fl-25 

i!f. 

100 

■>• 

IISJI 

129 

196 

•  •■ 

^H 

fl-MJ 

r>K 

ion 

-«i 

11-30 

HIO 

197 

•  •• 

^H 

«-85 

70 

10» 

.1. 

lI-<0 

i;i2 

197 

••■ 

^H 

(t-40 

7S 

111) 

,,, 

11 -SO 

1^2 

197 

... 

^H 

fi-45 

7» 

lift 

>•■ 

12-00 

\n 

19S 

•«« 

^H 

fi'M 

7& 

118 

•.. 

P,«. 

•  «• 

^H 

«-53 

77 

120 

.«. 

12-10 

IM 

198 

•  J. 

^H 

T-(V) 

79 

122 

•*• 

12-20 

1»8 

ijm 

... 

^H 

7-06 

80 

127 

••■ 

12-30 

]«n 

198 

•  •• 

^H 

7-H) 

fit 

130 

,_. 

12-40 

140 

199 

... 

^H 

715 

82 

133 

>.> 

12-SO 

HI 

199 

»• 

^H 

7-a) 

K4 

l:i!> 

-«• 

I -00 

143 

IM 

■  •■ 

^H 

7-25 

85 

140 

■  ■■ 

i-io 

144 

199 

•  ■• 

^H 

7-30 

SG 

142 

•  -• 

1-20 

145 

199 

.— 

^H 

r-3S 

68 

14B 

•a  a 

1-30 

149 

199 

•  •• 

^H 

7-40 

110 

1X0 

... 

1-40 

147 

199 

■  •• 

^H 

7-1 S 

92 

t&3 

■  •i 

l-BO 

147 

199 

•  •• 

^H 

7-50 

93 

I«7 

■  «  . 

2-(W) 

14H 

IV9 

III 

^H 

7-66 

93 

1S8 

■  ■■ 

a-10 

149 

HIO 

•  •• 

^H 

8-00 

9S 

160 

•  •« 

a-2t) 

l&O 

200 

•  •• 

^H 

8-05 

98 

160 

•  >| 

2-»0 

IflU 

2(10 

•  •• 

^H 

6-10 

97 

1(10 

-■■ 

2-40 

132 

tvi 

*•• 

^H 

8-12 

M 

160 

., 

2-60 

1G3 

201 

,., 

^H 

8-30 

luo 

160 

■  ■» 

8-00 

163 

301 

■  •* 

^H 

S-M 

loo 

161 

■  ■■ 

8-10 

IM 

201 

i*a 

^H 

8*80 

100 

102 

... 

3-20 

lfi5 

201 

■  aa 

^H 

tua 

If  10 

1«2 

«•■ 

SK 

158 

201 

*aa 

^H 

8'4(» 

102 

170 

•  •1 

ft'4D 

IA« 

201 

aa« 

^H 

»-4.i 

111^ 

170 

!•■ 

8'fiU 

1&7 

2U2 

■  >■ 

^H 

8-50 

102 

175 

... 

4-flO 

1&7 

202 

... 

^H 

IJ-&0 

ll>4 

17B 

■  •* 

4-10 

157 

203 

aaa 

^H 

fi-OO 

lOA 

177 

*■■ 

4-20 

1£8 

208 

■  ** 

^H 

SIMt 

ion 

177 

,,, 

4-30 

1S9 

203 

-aa 

^H 

B-IO 

107 

m 

... 

4*) 

169 

203 

.„ 

^H 

n-iB 

lOR 

»T9 

*•• 

4-AO 

1«0 

203 

t-a 

^H 

(l-M 

109 

180 

•  •> 

s-oo 

lOO 

203 

■  ■« 

^H 

9-25 

MO 

180 

•  •* 

R-10 

I6U 

908 

a*p 

^H 

o-ao 

110 

180 

... 

B-30 

Iftl 

204 

... 

^H 

9-M 

110 

180 

«■■ 

B-V> 

Ui 

204 

,,, 

^H 

9-40 

111 

180 

•  <* 

fi-40 

IIUI 

2ua 

■  •• 

^H 

^^^^H 

fr+f. 

112 

1H0 

4  .* 

s-io 

I6II 

20ft 

... 

^H 

ll-fiO 

112 

180 

... 

««0 

ie» 

20ft 

.a. 

^H 

U'M 

111 

IM) 

■  •• 

6-10 

IM 

soft 

•  •a 

^H 

1(M» 

113 

180 

.41 

8-SO 

1«4 

20ft 

•  »■ 

^H 

]0i» 

llA 

ISO 

*■* 

8-ao 

163 

206 

..• 

^H 

10-]0 

117 

18-J 

•  •• 

8-36 

103 

306 

at* 

^H 

1O-10 

118 

IH4 

•  •■ 

6-40 

14» 

306 

••• 

^H 

_J 

1 

^^^^                      HADE  TO  AaCBRTUN  THE  PREHSUBE  OF  BAS  IS  SOLID  OOAL        2&S            ^^^| 

■ 

HARTON  COLLIERY,— NOS.  1,  2,  AND  3  HOLH. —CoiHiaMd. 

^M 

Tlma. 

No.  1  Hola 

Ho  2  Hoi*. 

Ko.  3  BeliO 

TlniA. 

Sa.  1  H-ite 

No.  3  Hole. 

No.  3  Hal*. 

J 

June  6. 

June  7, 

F.X. 

A.M. 

^^^^H 

6'4fi 

16S 

200 

^., 

S45 

17fi 

216 

..1 

^^^^1 

8-50 

IKB 

siif; 

.  '* 

9-Ofl 

I7fi 

217 

... 

^H 

f!-/i5 

1(15 

20« 

.  ■  I 

!>16 

171 

217 

... 

^H 

J-(H) 

!ti5 

2o;  » 

... 

9-30 

i;i> 

217 

.1. 

^H 

J-IB 

llJli 

20G 

,,, 

0'4G 

176 

217 

... 

^H 

7:«J 

h;k 

'Jim 

-I . 

]  11-00 

177 

217 

... 

^H 

7.45 

i«r 

207 

■  VI 

10-15 

177 

217 

... 

^H 

8  00 

itir 

307 

.4  I 

10-30 

17" 

318 

..■ 

^H 

816 

IttS 

207 

•  t» 

10-4G 

177 

218 

... 

^H 

e-m 

l«B 

207 

... 

IHV) 

177 

218 

... 

^H 

9-iS 

169 

207 

... 

11-15 

H7 

218 

... 

^H 

9-CO 

169 

208 

X»k 

ll'BI) 

177 

318 

... 

^H 

9-1 S 

169 

208 

f  .. 

IV*5 

177 

218 

.. . 

^H 

9-80 

169 

20K 

... 

i2-r)0 

177 

218 

... 

^H 

e-ifi 

16Q 

208 

«•• 

r.ii. 

^H 

lO-OO 

17U 

2014 

•  «■ 

i2-a() 

177 

218 

... 

^H 

10-]  fi 

170 

208 

-.. 

1-00 

178 

218 

... 

^H 

10-SO 

170 

208 

-.» 

1-30 

I7R 

218 

... 

^H 

10-46 

170 

209 

•  >. 

a-00 

178 

318 

... 

^H 

ll-OO 

170 

208 

•  ai 

2-30 

1 78 

318 

4.. 

^H 

11-16 

170 

208 

•  •» 

3-00 

179 

218 

... 

^H 

11-30 

170 

20H 

,,, 

3-30 

I7» 

218 

... 

^H 

1146 

170 

2l>8 

•«* 

4-00 

17ft 

3lfl 

... 

^H 

12-00 

170 

2UH 

... 

4-ao 

IBO 
180 

2I'J 

219 

... 

H 

Junu  7. 

e-30 

180 

211) 

... 

^H 

A.U. 

600 

180 

2m 

.*• 

^^1 

121E 

170 

211 H 

... 

fi-30 

180 

219 

... 

^^^^M 

12-30 

170 

2U8 

... 

7-00 

180 

219 

... 

^^^^^ 

12-*5 

170 

2UH 

•  •1 

T'-HO 

180 

219 

... 

^^^^1 

I -00 

170 

20S 

■  1. 

8-00 

180 

21 'J 

... 

^^^^1 

i-ir. 

170 

2l)H 

... 

8-30 

181 

2i;i 

... 

^^^^1 

i-no 

170 

208 

... 

<HX) 

181 

219 

... 

^^^^1 

l-i5 

170 

208 

... 

lOKHI 

txi 

219 

... 

^^^^1 

2-(>0 

170 

208 

■  •1 

IIUO 

181 

219 

... 

^^^^^ 

2-15 

170 

2U« 

... 

12011 

182 

Sl!l 

... 

^^^^1 

2-30 

170 

208 

.. . 

Jane  8. 

^^^^1 

2-49 

170 

208 

,,, 

A.M. 

^^^^1 

3-00 

1 78 

20S 

... 

100 

183 

SI9 

... 

^^^^H 

3-15 

172 

2UH 

... 

2-00 

183 

219 

... 

^^^^H 

3-30 

172 

208 

... 

8-00 

183 

319 

... 

^^^^H 

Ai:> 

172 

209 

... 

4-(W 

183 

219 

... 

^^^^H 

4-1  Ml 

172 

2CI9 

«•* 

600 

183 

219 

,.. 

^^^^H 

4-15 

172 

209 

... 

6-00 

183 

219 

... 

^^^^H 

4-80 

173 

210 

... 

7-00 

184 

330 

... 

^^^^H 

4-45 

17a 

210 

•  •• 

K-(M) 

184 

220 

... 

^^^^H 

fi-00 

17» 

SIO 

... 

900 

184 

230 

i.. 

^^^^H 

filS 

I7» 

210 

... 

low 

I8r. 

220 

... 

^^^^H 

r.-3o 

173 

210 

... 

ll-()o 
lain) 

18S 

230 

«.. 

^^^^H 

fi-ifi 

173 

:'io 

... 

186 

320 

... 

^^^^H 

6-00 

173 

210 

... 

P.M. 

^^^^1 

fltfi 

173 

210 

... 

HHI 

I.Hfi 

231 

... 

^^^^H 

fi-30 

173 

210 

... 

2'00 

186 

221 

... 

^^^^1 

«-4fl 

174 

210 

.•* 

3i«) 

187 

331 

..■ 

^^^^1 

7-00 

174 

211 

... 

400 

I8» 

3S1 

... 

^^^^H 

71J 

175 

2l» 

... 

6-M 

188 

321 

... 

^^^^H 

T-30 

176 

214 

... 

fi-IMI 

IK8 

221 

... 

^^1 

7-45 

176 

214 

,, 

7-00 

lSt4 

221 

..- 

^H 

«-(K) 

17« 

gIS 

... 

8-00 

\H9 

222 

... 

^H 

8-15 

17G 

216 

... 

ft-00 

189 

222 

.5. 

^^^^^ 

8-80 

17fi 

216 

... 

lo-Oo 

180 

222 

... 

^^^H 

^ 

*  K&  k  giuige  EftUing  slowly. 

J 

^^H               254              TABLBS  8U0WISG  PA.RTICUlJJt8  OF  THE  BXPERtUEXTft                        ^^^| 

HARTON  COLLIERY.-NOS.  1, 

i,  AND  3  HOLLS.—a.mt,mmed. 

^B 

TtBB. 

NO.IBOI*  No.tHoU.  H«.3Hol». 

TUm 

If  0. 1  Bota. 

R«.9H«»«. 

No- 3  Bote 

V 

June  8. 

June  ID. 

r.u. 

r.K. 

.^^1 

11-00 

189 

2W 

•«. 

11-30 

... 

••. 

143 

^^1 

12-00 

169 

223 

... 

11-43 

... 

•■• 

l<2 

^H 

Jane  9. 

^H 

A.U. 

^H 

I'OO 

190 

SU 

t.* 

12-00 

195 

237 

173 

^H 

SiX) 

190 

8U 

*, 

June  11. 

^H 

84)0 

liw 

SS9 

«•■ 

A.U. 

^H 

4-O0 

HW 

22n 

..- 

13-1.1 

•  •* 

... 

18S 

^H 

B-OO 

1»0 

224 

•■- 

12-ao 

■  >* 

•  •■ 

193 

^^^^1 

s<oo 

190 

224 

•  !• 

]2-4fi 

•  •> 

*•» 

196 

^^^^1 

7-00 

mo 

22& 

•  1. 

too 

193 

S37 

908 

^^^^1 

SHXi 

1!I0 

Ti& 

... 

I  ir. 

,  , 

•  ■» 

303 

^^^^B 

eoo 

lifO 

225 

,,, 

1-30 

•  ■■ 

<*i 

811  • 

^^1 

lO'oa 

IJH 

-J2& 

■  *. 

145 

... 

,•• 

Sll 

^H 

noo 

J  SI 

223 

■  •• 

3-00 

195 

227 

310 

^H 

1200 

191 

283 

... 

2- IS 

... 

... 

310 

^H 

F.H. 

2-30 

■  •< 

P-- 

2M 

^H 

1-00 

191 

Sl!3 

«•■ 

3'4& 

>«. 

1'* 

309 

^H 

s-oo 

191 

533 

■  >• 

8-00 

193 

227 

218 

^H 

s-oo 

191 

2SS 

... 

SIB 

4    .* 

.-- 

31T 

^H 

4-00 

191 

323 

..* 

SSO 

■•» 

«■• 

330 

^H 

ft-00 

192 

2S3 

•  •■ 

SIS 

■   -* 

*•« 

333 

^H 

6-00 

192 

S23 

.■► 

4-rio 

193 

327 

893 

^H 

700 

192 

225 

... 

4-IA 

193 

327 

SS3 

^H 

8-00 

193 

223 

•  •- 

4-30 

... 

327 

^H 

9O0 

193 

226 

>•> 

4-45 

... 

... 

338 

^H 

WOO 

193 

326 

«•> 

3-00 

1»6 

237 

33» 

^H 

11-00 

193 

226 

.■■ 

3-1 B 

.«( 

•  a* 

330 

^H 

lS-00 

I&3 

32  (] 

•  •■ 

3-SO 

■  a. 

•>• 

331 

^H 

June  10. 

3-46 

... 

... 

9M 

^H 

A.M. 

OOO 

196 

237 

333 

^H 

1-00 

193 

233 

•  -• 

01 S 

.«< 

•  ■• 

384 

^H 

2-00 

193 

323 

■  •■ 

G-»0 

*•* 

•  ■• 

386 

^H 

SOO 

loa 

228 

•  •■ 

6-45 

,.. 

237 

^1 

4-00 

1'J3 

227 

--. 

7H»0 

ll^G 

227 

388 

^^ 

6-00 

i;i3 

'>•!'} 

i-* 

7-15 

•  •> 

••< 

388 

6-00 

1113 

327 

•  .. 

7-30 

••• 

••* 

341 

7-00 

194 

227 

•  •■ 

7-43 

u. 

J 

t4i 

■ 

ti-OO 

UJ4 

227 

-.- 

800 

190 

SS7 

188  • 

V 

9W 

194 

237 

•  »■ 

813 

.*■ 

•  •• 

tST 

^1 

arnx) 

194 

237 

4*. 

8-30 

'>■ 

«.. 

387 

llflO 

194 

227 

>•> 

8-43 

••> 

..■ 

SM  > 

laoo 

194 

227 

»-• 

9-00 

l»ff 

387 

338 

P.H. 

8-13 

..1 

•a. 

3»r 

IW 

W6 

227 

«■• 

MO 

... 

•  Ih 

340 

■2  0U 

196 

227 

PI* 

3^ 

*4   4 

■  •• 

3«3 

S-OO 

IVft 

227 

»■- 

1(M» 

196 

327 

348 

400 

196 

337 

,, 

10-13 

.■< 

■  a* 

34« 

ftOO 

IftA 

327 

*•« 

10- SO 

... 

«a. 

3SI 

6-00 

1»K 

227 

.•■ 

10-43 

., 

3M 

7-00 

193 

.-- 

*•. 

11  110 

lilG 

238 

333 

8-0O 

19S 

i<- 

•  ■■ 

11-30 

•  II 

•  •a 

387 

frOO 

193 

■  *• 

*«* 

lu-uo 

ItfO 

22» 

339 

lOilO 

193 

^7T 

0   » 

rjM- 

lo-ia 

... 

... 

23 

13-30 

*-» 

■  •a 

sei 

1030 

•  •. 

■  •a 

67 

1-00 

193 

388 

363 

10  t» 

». 

«** 

HO 

1-3U 

SOS 

u-uu 

193 

»T 

104 

300 

193 

238 

3U 

1116 

... 

•■- 

124   * 

380 

I.. 

>•• 

383 

■  Kd.  3|EMK«nuttHi. 

*  LeakiafT  in  No.  3  Hole 

^J 

^^^B    .             *  All  ihrao  tu>  joloM  leaking  u  Kol  S 

'  Gm  aac.pinp  from  t«p  in  No.  3  Hol*.          ^H 

'  I^CMurctell<|u{ckljr,!uikii^tlAfip«l,          ^H 

^^K                   Hol«. 

HADE  TO  ASCERTIi.V  TUK  PSESSl'BE  OF  OAS  IX  SOLID  C0At4.        2b5           ^^^M 

HARTON  COLLIERr.-NOS.  ^,  2,  AND  3  HOLES.— fki<fi«iro^ 

^ 

Tim. 

Ko  1  Kola. 

Ko.  8  B«l«. 

StuSBoia. 

Tlmo. 

N'o.  1  n»le. 

Ifo.  3  Ho)* 

No.  3  Hola. 

1 

Juiw  11. 

June  13. 

P.B. 

r.U. 

■ 

3  00 

IIW 

338 

2A1 

R'3f) 

... 

>•■ 

390 

■ 

S'M 

■  •• 

•  n 

2U0  • 

7-00 

187 

280 

SSI 

■ 

i-m 

106 

23K 

2ti2 

7-30 

.-• 

••■ 

381 

■ 

4'a'.) 

,, 

... 

2fi4 

8-00 

197 

aao 

283 

■ 

r.w 

197 

239 

387 

8-30 

■  ■• 

.«. 

283 

■ 

fi'30 

■  •« 

*•• 

aro 

8-00 

wr 

380 

38:1 

■ 

fi'lK) 

Id? 

SSQ 

27» 

0'30 

••• 

«■■ 

3»S 

■ 

6'3() 

>>• 

•  p* 

374 

1000 

197 

230 

2flS 

■ 

"W 

197 

239 

27* 

UISU 

... 

•  ». 

2«S 

■ 

T-30 

PV* 

... 

375 

iroo 

197 

330    - 

S«S 

■ 

8'(«0 

1 97 

329 

27fi 

11-80 

,, 

». 

mi 

■ 

8'»0 

,, 

273 

12-00 

197 

830 

SB6'» 

■ 

illK) 

197 

230 

273  • 

June  13. 

■ 

9 'SO 

•  ■■ 

'  I  I 

274 

X.U. 

■ 

KICK) 

197 

230 

276 

1-00 

197 

8:i0 

S87 

■ 

10  ■30 

37E 

2-0<.l 

Ui7 

8X0 

287 

■ 

Mm 

197 

229 

276 

3-CKJ 

197 

3.10 

388 

■ 

ll-SO 

.•■ 

... 

276 

4  00 

197 

330 

389 

■ 

I2IM 

ni7 

230 

27B 

C-00 

197 

230 

391 

■ 

Jiiue  12. 

K-no 

197 

830 

298 

■ 

A.M. 

7-00 

197 

330 

393 

■ 

12  SO 

•  >• 

•  •. 

Q90 

SOO 

197 

3S0 

891 

■ 

lOlJ 

107 

230 

I'SO 

8-00 

lOG 

230 

391 

■ 

rso 

_^ 

■  •■ 

27!) 

low 

19i; 

330 

291 

2-O0 

197 

330 

3r» 

11-00 

1^5 

230 

3fH 

2-30 

•  •• 

-P> 

27S 

laflo 

195 

23U 

292 

3(K) 

197 

230 

27ft 

P.M. 

8 'SO 

•  ■■ 

•  f  • 

378" 

IIWI 

195 

330 

392 
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The  PiiRsrnKNT  said,  he  wm  sure  every  one  of  the  members  muiit  be 
exceedingly  ublijfitl  tu  Mr.  Wwod  for  huviug  coinmuuicaU.tl  tlicsc  niOBt 
elfiborate  anil  intci'ceLing  cxpcriiiiciits  to  the  InatiLute,  As  Lheit;  were  bo 
many  figures  to  be  mastered,  the  paper  could  haidiy  be  discussed  at  the 
present  time  ivitli  any  iidvantnge ;  but  if  gcDtlcnirn  hatl  any  obsorrotionB 
to  mflko  ho  would  be  very  glad  tn  hmr  them. 

Mr.  A.  L.  ftrsA VKMsos  Btalcd  that  he  thonght  it  wonid  be  in  the  recol- 
lection of  mnny  of  the  member*  that  in  the  third  voliunc  of  the  Trnns- 
Bctions  of  the  IiiBtitute  tlitre  wu  a  paper  which  was  read  by  Mr.  P.  S. 
Reid,  and  which  itpoke  of  pressurca  due  to  gaa  in  oool  even  higher  than 
those  now  piven,  aud  in  ordtr  still  further  to  illustnite  tlie  Bubject  he 
hojwd  the  experiments  woald  be  published  with  such  iDfnrraatioii  as  to  the 
dfpth  of  the  fliiiKTfxised  strata  ns  wmild  enable  raemiK're  to  ascertain  if  the 
pressure  of  the  gas  in  the  coal  bore  any  ratio  to  the  prcsgui-e  due  from  any 
defined  column  of  water.  In  order  to  anire  at  any  satisfactory  oouelusiou 
on  this  point  it  wonld  Im  uecoBsary  to  know  from  the  nature  of  the  strata 
what  mi^ht  tie  Tvosonnbly  supposed  to  be  the  height  of  any  column  of  vratcr 
that  would  have  stm-fa  to  the  seam  where  the  gas  wag.  The  pressures 
given  fell  very  much  short  uf  tliose  that  would  have  resulted  had  they  beeu 
formed  under  a  column  of  water  the  whole  depth  of  the  strata ;  but  ihoro 
were  many  circumstancea,  for  instance  a  portion  of  the  upper  strata  being 
[jraineil  iuto  other  ehauucis,  which  would  prevent  the  actital  eolinnn 
actiiij;  against  the  strnta  being  represt-uted  by  its  depth  from  the  smfacc. 

Mr.  D.  V.  Moaisos  said,  he  quite  agreed  that  it  would  be  highly  desirable 
if  the  iufunnation  suggested  by  Mr.  Steavenson  could  be  placed  before  the 
members.  He  thought  one  of  ihc  best  jiroofa  thut,  water  had  Sfimethiug 
to  do  with  the  pressnre  wiis  the  feet  of  wati^r  issuing  from  the  borehole* 

Mr.  CooKB  said,  he  had  seen  a  borehole  in  Strafford  Main  Colliery,  iVom 
which  the  very  lai-ge  pressure  of  liO  lbs.  to  the  square  incli  was  obtained 
in  twenty  minntes,  and  no  water  came  with  the  giis  upon  opening  the 
top  of  the  pipi-,  but  as  the  bole  dipped  downwai-ds  it  was  not  ascertained 
if  any  came  into  the  hoU\ 

Mr.  K.  L.  Galloway  thonght  perliapa  the  water  was  dne  to  the 
hydrogen  in  the  gas  combining  with  the  oxygen  of  the  atmosphere,  and 
that  water  had  not  passed  thr^mgh  the  strata. 

Mr.  E.  b*.  Boyd  thought  that  there  were  certain  difficultiea  ft-ith  regard 
to  the  vratcr  pressure  theory ;  for  instance,  he  considered  !t  more  than 
prohabK-  tliat  the  coal  seams  arc  not  subject  to  the  stiperiucumbcut  preeearo 
due  to  water,  seeing  that  there  are  uuiuy  shale  bods  overlying  the  coal 
beds  where  these  experiments  had  been  miule  which  are  water-tight. 

Mr.  MoRisoir  replied  that  these  strata  miglit  be  very  much  fissured. 
and  allow  tlie  full  prcsstu^  to  come  upon  the  gm  in  some  iHtrtlon  t^f  the 
eeaui  and  eattse  the  pret^ure  to  accumulate. 
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Mr.  I.ntiAK  tJioii|*fir<  the  e^iiorinu'iitH  hito  extremely  iiit«rMtiiip,  and 
he  wonid  be  very  glad  if  they  conld  Iw  citondcd  a  gtKxl  deal  fnrtlier  bo 
that  they  mi<rht  a»c<ertaiu  tli«  couditious  iindpr  which  tlie  gas  preseoted 
iteetf.  At  present  they  had  only  dealt  with  it  in  its  frnseons  utatC;  bat  he 
ihoutil  like  to  1x!  inipplicd  with  some  dnU  by  which  it  oAuld  be  MccrtAinrd 
if  it  existed  naturally  iti  a  ga^eouB,  a  liquid,  vt  a  solid  state.  Uc  never 
oould  understand  hov  the  enormous  quantity  of  gae  reoorded  in  tbo 
Tolaniics  or  the  Institnteiis  tilling  miUions  of  cubic  feet  of  space  conld  come 
from  n  smnll  iMirehote.  or  even  from  a  tronlilc  in  so  sliurt  u  time, 

Profeswjr  Hersch^.  said,  it  appeared  to  bim  that  the  gas  prewarv 
indieatvd  in  thu  uay  dcitcribcd  had  accumulated  by  being  oonGned,  and 
ihat  the  borehole  had  been  Bunk  to  a  certain  depth  where  the  (^ 
was  iMnfined,  and  had  indicated  the  pressare.  It  might  be  a  question  as 
to  where  tlic  gns  cane  from  and  how  it  raised  the  prcKsurc,  but  that  it 
existed  at  the  depth  tit  whirh  the  Iwreholc  had  bren  put,  and  had  remained 
there  till  indicated  awl  liberated,  llicre  could  l>c  no  doubt.  There  were 
no  deep  fissures  or  cTBcka  in  the  ccal  which  pcnnitCed  the  pnsBage  of  the 
gas;  BO  that  the  pressure  found  was  that  which  enabled  the  gn»  t«  make  . 
ita  CBcnpe  through  the  varied  thicknesa  of  coal  conti^oua  U>  the  hole.  If 
the  borehole  was  deeper  a  htglier  pressure  would  perha^is  be  found.  The 
f^s  pressnro  was  very  likely  due  to  its  compression  by  the  water  preaBura 
which  bulds  it  in;  bnt  it  did  not  follow  that  water  would  find  ita  way 
whcrev*^  gne  would  go,  but  the  gas  as  it  formed  in  the  cool  would  balouoe 
the  column  of  water  which  prvveuted  its  escape.  If  a  hole  cuatd  be  put 
into  the  centre  of  the  coul-flctd,  away  from  the  open  workings  where  theae 
boreholes  were  M|>ened,  the  pressure  of  the  water  the  gas  was  originally 
overooming  might  be  aacertained :  as  it  was,  tbo  gaa  in  tbe  vicinity  of  the 
hole  had  ewaped  into  the  workiiigSf  and  the  i|LieAtion  was.  could  tbc  water 
follow  it  up  M>  as  to  maintain  the  prcasnre  ?  lie  thought  not,  ami  that 
the  gas  would  gradually  escaiie  as  the  workings  uent  on.  and  in  do  cue 
in  which  a  hide  tvutd  pmcticully  be  put  would  it  indicate  the  fVill  pmasnn 
dne  to  the  depth  at  which  it  had  been  tapped.  A  prcaanre  indicated  of 
]  115  llw.  represented  about  76  fathoms  of  water,  which  was  of  course  a  leoi 
depth  than  that  at  which  the  borehole  was  plaood;  but  he  suppiised  that 
this  Tfi  fathoms  of  water  thus  indicated  was  not  the  preararc  which  the 
gaa  WAS  aaually  overcoming  in  it^  generation  in  the  coal,  bat  the  pressnte 
which  was  found  at  the  cud  of  tbe  borehole  alter  the  gaa  had  partially 
liberated  itself  by  escaping  through  the  working  face,  for  it  had  to  be 
taken  into  account  in  these  experiments  that  the  coal  wm  rtry  i>crmcable 
to  gae,  and  would  alUin'  the  cscaiw  of  the  gas  Ihtvugh  all  ihn  o\Kn  porta 
of  the  mine  where  it  might  m>t  allow  the  escape  of  water,  lie  expected 
that  Utc  pressure  of  the  gas  in  all  cases  had  been  that  due  to  the  preaaore 
of  the  vntcr  which  had  ooo&ned  it,  but  ttiut  before  these  experitneota  bad 
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been  tried  the  gaa  hni3  cacnpcd  into  the  workings,  and  that  the  jireffiurcs 
pven  at  the  vwtous  diaUiuces  byred  into  the  coal  bad  ail  been  more  or  Ifsa 
modified  hj  this  escape. 

Mr.  E.  P.  BoTD  said,  that  witli  regard  to  Mr.  Logan's  idoon-ations 
he  had  a  strong  imjircBsioii  that  gas  prior  to  its  being  exposed  to  the  action 
of  the  utraoBplien.'  might  iweaihly  exist  in  a  state  uF  solid  matter.  The 
action  of  faking  off  the  presenre  under  which  it  exiatrd  m  «V«  by  the 
penetration  of  tlie  boi-chole  might  have  prodoccd  the  vcrj  effect  which 
Mr.  Logon  premified:  and  he  (Mr.  B.)  Ujought  the  cxiieriincnts  in  future 
might  very  well  be  directed,  iiret  of  all,  to  aacertniniug  the  quality  of  Uie 
gases  given  off  and  what  they  consist  of,  whether  they  were  pnro  car- 
burvtLeU  hydrogen,  the  same  as  is  met  with  in  the  ordiu!u-y  driving  uf 
ooal  workings,  or  whether  they  couflist  of  any  other  ga&ca  originating  from 
that  solid  condition  which  Mr.  TiOgan  indicated.  lie  (Mr.  B.)  thought 
that  the  latter  BUppositioo  was  very  pOBsihly  the  correct  one. 

Mr.  Moiiiiios  eaid,  it  wonid  be  very  interesting  if  in  any  of  the  fnturc 
eK|>erinientfi  now  in  contc'mplation  the  pres-sure  should  be  found  in  excess 
of  that  due  to  a  ooluuiQ  of  water  of  thu  height  of  the  superposed  strata. 

Mr.  G.  May  (in  aiiBwer  to  a  mcnihcr)  said,  that  in  the  BenHluiiii  seam 
the  holes  were  bored  both  In  the  line  of  the  cleat  aiid  against  it.  In  boring 
the  holes  the  headways  way  they  got  a  greater  iiow  of  gas  by  moaaurc- 
mcnt;  that  is  more  gas  was  given  off  i'rom  the  holes,  but  in  boring  the 
other  way  they  got  greater  pressures.  The  experiniente  were  going  to  be 
continued  to  t«8t  the  question  as  (u  whether  the  different  depths  at  which 
the  eeanifi  were  had  anything  to  do  with  the  presfinre.  f^nic  expcriiuents 
were  being  made  in  Wales,  corresponding  to  those  which  proved  that  the 
temperature  WM  guided  entirely  by  the  cover,  aboat  100  fathoniB  down  a 
pit,  in  a  eitaatiou  directly  under  a  valley ;  and  also  in  another  place  under 
a  hill,  GOO  feet  high — that  is  in  mtuations  covered  by  100  and  200  fathunu 
of  cover  i-eBpectivelyj  and  so  far  as  the  eoiperimt-nts  hadguoe  they  did  not 
find  the  rasultfi  were  affected  by  depth.  With  regard  to  the  water  very 
little  cante  from  the  holes  in  the  experiments  now  deamhed.  The  acains 
were  almost  perfectly  dry  ;  and  when  the  tajis  were  oj>ened,  after  the 
preaffurt'S  had  been  obtained,  the  gasee  uuuo  oli'  very  largely.  The  greatest 
difficulty  which  they  hod  had  to  contend  with  had  been  to  keep  tlic  holes 
tight.  For  instance,  in  the  case  of  the  one  where  460  Ibe.  had  been  obtained, 
the  pipea  gave  way  and  caused  the  pressure  to  fall.  Of  conrse  a  very  little 
leakage  tnok  away  the  gas,  and  the  pressure  was  iniuiediately  a'^duoed. 

The  Pkbhidest  thought  they  did  not  exactly  know  wliat  the  extreme 
pressure  due  to  the  sitnation  might  have  been,  inaamuch  as  the  leakage  had 
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begun  while  the  prcBaiirc  irasatilJinc-TeaBing^  He  was  sure  tliai  this  paper 
would  give  thera  all  much  matter  for  conaiderstiop,  "Whca  tli«j  had 
it  before  them  they  would  be  fn  a  lictter  positHiu  to  gnthcr  their  thoughts 
Idto  Home  sort  of  ftirca,  bo  that  the  discuMion  might  rise  to  a  level  wortliy 
of  the  great  importauce  of  the  subject.  In  the  meantime  lie  felt  eare 
they  would  at^coi-d  Mr.  Lindsay  Wood  a  cordial  vote  of  thanka  for  the 
Tcrr  Taiuahto  |>B[.>cr  he  had  commanicated  to  them. 
This  wiui  inNinimously  ]'C'8pi:}ii,d(?d  to. 
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ANNUAL  GESKHAL  MKKTINO,  SATCHDAT,  ACflUST  flTH,  1S81.  IN 
THK  WOOD  MEMOKIAh  UALL,  XEWCASTLE-UPON-TYSE. 


a.  C.  GR&ENWELU  Gaq..  pBni&BtiT,  la  raa  Ciuu. 


Messrs.  Oeorf>e  May,  J.  0.  Weeks,  and  Witljam  Armstrong,  Jan.,  were 
appointed  Scrutineers  to  exumiiie  the  voting  paixiis  for  ilva  election  of 
officers  for  the  joar  188L-82. 

The  SctTBETARY  read  the  ininntes  of  tha  last  mooting  and  rvportod  (he 
proceedings  of  tlie  Council. 

The  Secqetaky  also  read  the  reports  of  the  Council  and  Fioanoo 
Committee,  which  were  nnanimoMsly  adopted. 

The  following  gentli>mnn  was  tb«D  elected  : — 

OUSIVAHT  MbXUIU— 
Mr.  JoBM  OaxT  CuAvnoy,  Coiuiillinjt  Uiiiiuj;  and  MMhanlcml  Kii^tne«r, 
a,  Qnj  Stnd,  NewcMtlo-niwa-Tync. 


The  folluwing  were  mimtnatod  for  election  at  the  iieit  meeting: — 

OanivAitT  MBMnBR— 
Mr.  UroaoK  H,  Qbuuhs,  Mbiinj;  Biitrlneer.  liS,  PKucw  Straet,  Kdlnbutyli. 

AsitoeiATK  Meubbb — 
T£r.  FsANC  SroBiis  (Muna^r,  Hmctv.  ThonuM  and  William  Smith),  I,  Qoeen 
Stny't,  (jiin*.  XewcMtla-upou-Tjmv. 

Mr,  AiixnrK  P.  Wiuiojf,  Bpanoepetb.  near  Utirham. 

Mr.  .1.  It.  Nlcnoi.80»,  Caniboin  dillior;,  Hlylb,  N'nrthninbcTlniid. 


The  follnwing  paper  on  "  Crannton's  Deep  Boring  Machine"  wu  read 

by  the  SECBB^fABT  :— 
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CRANSTON'S  DKEP  BORING  MACHINE.  SUITABLE  TOR 
SINKING  ARTESIAN  WELLS,  SUB-MARINE  BOEINO,  AND 
BOKTNG  FOR  MINERALS,  &c. 


By  J.  O.  CRANSTON. 


In  comparing  the  operationa  and  toola  of  Artasitm  well-borere,  the  Tarioua 
syftUrns  that  have  at  different  times  I>ceii  umployt-r!  may  be  classified  nnder 
three  tliulinct  h«;a«K  which  may  Iw  QtBcribed  as  Mluws  : — 

1. — A  BDaponded  tool,  to  which  an  up-anJ-down  motion  is  cfiminu- 

nicated  cither  bj  means  of  hand  or  steam  power,  the  tool 

receiving  between  each  drop,  or  from  time  to  time  a  rritary 

motion  uoiumLUiicalud  to  it  either  by  the  ap}.iamLiiei  iUseU'  or  by 

the  attendant. 

2. — A  rDtntiiiir  tuol,  either  wihd  in  tli«  form  of  an  aupiir,  an  in  the 

old  boring  apparataft,  or  hollow  in  the  form  of  a  tube  as  in  the 

Diamond  boring  instrument,  the  rotating  motion  being  applied 

either  direct  by  hand  or  by  (rearing. 

8, — A  etatinnary  tool  resting  on  the  siirfaoc  to  be  bored  and  havlnfj 

a  series  of  bluws  imparted  to  it  by  fiand,  aa  in  the  ordinary 

drill,  or  by  a  body  made  to  move  up  and  down  by  machiiiiTy. 

It  would  no  doubt  be  most  interesting  to  fulbw  the  separate  history 

and  career  of  each  of  these  mcthodft  in  atl  their  Bcveral  and  nnmerons 

nmificationa  from  tlie  earliest  to  the  present  time,  as  esuh  clan  in  its 

turn  has  been  brought  to  prominence  by  some  important  impniveuient  or 

liy  Bome  speciMl  coeti  of  notoriety  to  wtiich  It  was  mere  than  usually 

adapted  ;   but  the  object  of  the  prcacut  notice  ia  ta  nhow  the  mode 

adopted  for  boring  a  series  of  deep  bore-liolea  by  a  Bospendod  too]  for  the 

Hartlepool  Water  Works  Company. 

The  West  Hartlepool  Gaa  and  Water  Company  is  probably  nnique  in 
having  two  distinct  mains  for  supplying  water  to  their  district,  one  main 
■applying  surface  water  t«>  manuffteturers  and  anotlier  siipplyinR  drinking 
water,  obtained  by  byriug  through  the  mi^esian  limestone.  The  surface 
water  is  accamulated  in  rescrroirs  in  the  usual  way  ;  one  of  thcae  reaer- 
voirs  is  at  Hurworth  Hum  and  holds  160,000,000  gallons  j  and  one  in  the 
neighbourhood  of  Hartlepool  holds  20,000,000  gallons — the  total  yearly 
■upply  of  soil  water  delivered  in  the  town  being  180,000,000  gallons. 
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The  drinklfig  wAt«r  was  obtftined  (Ul  laUlj  ftx)m  five  hole«  bored 
through  tho  niRpieBian  Limeufcone,  one  6  inchca  diamotvr;  two  4^  incbes 
diameter;  and  two  8  inches  in  diameter,  and  the  supply  from  this  sooroe 
not.  bt-ing  snfficicnt.,  it  yrns  determined  l«  put  down  another  liole.  Thcee 
five  holes  were  placed  ut  distances  of  from  400  feet  to  600  feet  apart,  and  tap 
the  waLer-lwariiig  sLrnta  aL  depths  varj'iDg  from  40  to  85  foot;  tho  water 
rises  up  to  within  three  feet  of  the  surface,  and  is  carried  by  brick  culverta 
to  one  common  well,  from  whence  it  is  pumped  into  rcaervoire  80  foot 
high,  which  in  stdlicicnt  to  allow  it  to  gravitate  to  the  highest  parta  of  the 
diBtrict.  Til  is  service  ia  performed  by  two  condcDBing  engines,  one  having 
a  2r>-inch  cylinder  with  a  fl-fect  stroke,  and  the  other  n  38-inch  CTlindcr 
with  a  6-feet  slrokc.  Thews  engines  were  pnt  down  at  different  timeSf 
Lot  are  so  arrnnged  that  they  can  be  mnde  to  work  either  separately  or 
together  as  nne  coiri|K>und  engine.  This  permits  of  tho  service  being  con- 
tinned  whilst  one  engine  is  under  repair. 

The  holes  Ihns  sunk  ttirough  the  magneaian  limestone  which  abounds 
in  the  locality,  were  Bomewhat  difficult  to  bore  on  acconnt  of  the  hard  and 
pecnliar  nature  of  the  rock. 

The  usual  progrcas  made  in  sinking  these  holes  waa  from  8  to  9  inches 
per  day,  and  the  ahallowest  costing  something  over  a  hundred  pomids  for 
labour  alone. 

For  sinking  tho  sixth  hole  the  boring  arrangements  employed  were 
coDstnicted  with  a  view  to  simplicity  combined  with  increased  rapidity  and 
economy,  and  consisted  of  »  vertical  steam  engine  n,  with  a  lO-ioch 
diameter  of  cylinder  and  a  12-inch  strcikc,  making  about  ISO  revolutions 
a  minute  ;  the  crank  shaft  carries  a  small  dmm  b,  which  is  gearrd  into  a 
larger  one  r.  attached  to  the  shad  f  by  means  of  a  belt  d ;  on  this  shaft 
is  a  cam  roller  /.  which  lifts  the  wooden  lieam  or  lever  jr  once  to  ovary 
three  revolutions  of  the  engine. 

The  bore  rods,  with  an  adjusting  Ecrew  h  attached,  are  suspended  from 
tho  end  i  of  the  beam  lever  directly  over  the  bore-hole.  The  boring  tooiy 
Fig.  S,  Plate  XI. VI.,  is  made  nf  steel  ;  it  is  attached  to  the  rods  by  ft 
screw  in  the  tisnal  way.  and  is  altematelj  r«scd  and  dropped  with  con- 
siderable force  upon  the  face  of  the  rock,  while  at  the  same  lime  it  is 
slightly  rotated  and  fed  forward  as  the  hole  deepens  by  the  man  in  charge ; 
provision  is  also  made  to  regulate  tho  balaooe  of  the  hcam  leTer,  which 
neoeiearily  becomes  heavier  at  one  end  in  proportion  lo  the  additional 
weight  of  the  rods  which  are  gradually  lengthened  Ut  Ruit  the  depth  of 
hole  required.  K  is  a  support  to  receive  the  beam,  and  is  provided  with 
India-nibber  to  break  the  shook  of  the  blow. 
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The  balance  or  fort-e  of  the  blow  can  be  refjnlated  by  simply  moTin  j 
the  fulcrom  or  trestle  I  which  Bopporta  the  beam  arm  further  along  nearer 
to  the  bore  rods,  when  weight*  may  be  added  to  its  op|K)8ite  end  m  so  as 
to  maintain  the  diwired  equilibrium  in  this  manner  by  the  adjostntcnt  of 
the  fulcrum  and  lever ;  holes  of  variona  dimensions  fire  boned  to  very  great 
depths  with  a  romnrlcablc  degree  of  simplicity  and  rapidity. 

At  the  West  Hartlejiool  Works  water  vrta  taken  fl"om  the  Company 'a 
reBcrvui™  by  irmi  |»i]'in^'  h,  abont  half-inch  in  diameter,  S20  fec-t  long, 
down  the  G-inch  diameter  hore-holea  to  a  pohit  close  above  the  Iwring  tool, 
BO  that  the  fiebris  or  mnd  accumnlating  at  Che  bottom  of  the  hole,  aa  the 
rock  is  being  poundtd  away,  is  washed  or  furced  out  through  o  by  tho 
rognlar  flow  of  water ;  it  was  found  to  be  of  great  advantage,  as  over  100 
feet  could  he  bored  at  one  time  without  it  being  necessary  to  withdraw  the 
rods. 

A  crab  winch  p  and  derrick  q  being  provided,  tlie  rods  ore  readily 
withdrawn  and  re-inserted  when  desired. 

The  rods  are  made  from  1  ^  inch  sqnare  wronght  iron,  varying  in  lengths 
from  1  foot  6  inches  to  15  feet  each.  The  boring  taolj,  an  enlarged  view 
of  which  is  given,  is  made  id  shape  similar  to  the  letter  x,  and  custiree  a 
perfectly  ronnd  hole,  which  is  foand  to  bo  a  great  advantage  when  tubing 
is  re'inircd. 

The  apparatus  has  accomplished  the  work  desired  by  the  Water  Com- 
pany at  West  HanleiKiol  without  requiring  any  repairs  whatever,  to  their 
entire  satisfaccion. 

The  average  cost  furerrcting  themarhineand  boring  a  6-inch  diameter 
hole  lOS  feet  deep,  has  not  exceeded  £15,  including  labour,  fuel,  oil,  and 
stores.  The  progress  was  10  feet  a  day,  the  whole  depth  being  comptuted 
in  ten  days  by  two  men  at  fti!.  Oil.  a  day  each,  or  for  a  total  sum  of  £f)  10s. 
The  steam  was  taken  from  the  boiler  working  the  pumping  engine,  so  that 
no  additional  Jlreman  was  required;  the  remaining  cost  being  for  the  extra 
fuel  and  oil,  and  for  the  men'n  time  erecting  the  machiue ;  whereas,  -Lonch 
diameter  holes  had  previously  been  bored  70  feet  di'cp  by  hand,  and  they 
cost  considerably  more  than  103  feet  boring  with  machine. 

The  water  has  been  tapped  at,  this  df^pth,  each  hole  yielding  an  addi- 
tional snpply  of  pure  water  equal  to  25,000  gallous  per  hour. 

A  somewhat  similar  apjiaratus  is  now  being  couBtructed  and  will  shortly 
be  employed  by  the  River  Tyne  Commiaaioners  on  Lhe  Tyne  fur  sub-marine 
boring  tsr>me  modific-ations  in  the  general  arrangement  are  being  made,  but 
the  principle  is  the  same  as  the  apparatus  shown  in  the  drawings,  in  order 
to  suit  the  poouliar  circumstAnces  in  having  to  work  from  n  floating  pontoon 
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80  M  to  be  enabled  to  bore  at  any  time  clnriDfif  the  varyinR  riw  and  fell  of 
the  tides ;  but  tlie  whole  is  very  simple  aod  vcrj-  tnexpeosiTe. 


This,  maf'liinc  hns  been  got  to  work  since  the  paper  was  read;  at  the 
first  trial  a  hole  3  inches  clinmet-er  wus  put  down,  1  foot  in  two  minutes 
and  14  fccb  in  rather  less  than  two  houm,  the  average  depth  of  water  orer 
the  rock  being  16  feet,  and  holes  are  now  being  bored  22  feet  deep  onder 
18  feet  of  water. 


In  reply  to  fleveral  qncatinns  the  SE(rRKTAnT  stntcd  that  the  machine 
was  suspended  by  a  aliort  chain,  that  a  dupth  of  one  huudrcd  feet  was 
bored  without  cliaiiging  the  toot,  eren  to  atiiirpen  itj  as  the  water  which 
entered  nt  the  small  pipe  N  was  carried  down  to  the  place  where  the 
tool  worked  aod  kept  it  sharp  aud  free  from  debrit.  The  sum  of  £15, 
mentioned  ah  the  cost  of  cn^ting  the  machine  and  boring  a  hole  six  indiM 
io  diameter,  103  feet  deep,  n-as  the  total  expense  incurred  fur  tabonr,  and 
did  not  of  conrK  inclndc  the  rolne  of  the  machinery. 

The  ClunuiAX — It  i«  not  pouible  it  coald  be  that  amount  for  the 
whole  depth. 

Tlie  Skcrbtaby — Mr.  Tlfoseman,  the  engineer  of  the  Weat  Hartlepool 
Water  Works,  supplied  the  details  connected  with  the  snpply  of  water  ancl 
the  mode  by  which  they  obtained  liutli  tlie  surface  water  and  the  hard 
water,  and  he  perfectly  agreed  with  this  atat^'ment. 

As  Mr.  Cranston  bad  been  unable  to  attend  the  meeting,  the  dit- 
CdSUOQ  waa  adjourned. 


Ur.  D.  P.  MoRisoN'a  paper  on  **  Boiler  Accidcnta  and  their  Pr&> 
Tention"  waa  then  diacuased. 

Mr.  D.  P.  AIoBitsOK  aaiil.  that  since  the  first  portion  of  his  peptr  waa 
published,  much  anxiety  had  been  cxprceaed  with  mfercncc  to  the  Inspec- 
tion of  boilera  by  independent  engincera;  and  he  believed  the  subject 
wouldeventnally  take  the  shape  of  some  legislative  enactment.  Uethoaght 
the  Govemu)i.'Ut  would  either  reoouuueud,  or  to  some  extent  oompel,  nsen 
of  steam  boilers  to  have  them  inspected  by  some  impartial  engineer,  aod 
vomld  iBOOmmend  that  every  Iwiler,  working  at  a  prcasuro,  should  ba 
ngbfeeted  liha  nmc  oa  ships.  Although  many  Hcemed  to  object  to  GoTcra- 
ment  inspection,  he  himself  thought  it  very  desirable,  but  the  gennal 
feeling  appeared  to  be  that  all  boilers  should  bo  registered  by  the  Go7em> 
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Dient,  and  should  be  lDap«cC«d  by  some  impartial  engineer.  It  was  almost 
impoBsible  to  mention  within  the  limits  of  a  paper  of  this  dcficription  all 
the  diOercitt  kinds  of  boilers  iti  use,  or  nil  the  improvcmcnte  whitJi  had 
been  made  in  late  years ;  he  bad  simpljr  mentioned  one  or  two  of  die  types 
familiar  to  himself,  and  did  not  wish  by  any  means  to  exclude  other  types 
tliEib  might  be  eiiiially  ^ood.  Since  writing  the  paper  ho  had  hod  tiie 
ojiporttinity  of  seeing  Fox's  corrugated  flues,  and  he  believed  they  were 
exceedingly  jjood.  He  wished  to  qimHfy  one  statement  in  hia  pajwjr,  and 
that  was  where  he  rather  condemned  the  use  of  eteel  plates  fur  steam  boilers. 
After  what  he  hml  hcnni  at  a  discuKsiun,  whiiJi  took  plaoc  at  one  of  the 
mectinjra  of  the  Mechanical  Engineers  diiririfi  the  week,  he  wna  inclined  to 
modify  the  views  which  he  hftd  expressed,  as  it  apppnrod  thnt  Bk*l  of  a 
very  mach  better  quality  was  nuw  b^iug  prudaccd  thati  had  been  made  iu 
past  year*. 

Wr.  A.  L.  Steavknbon  said,  the  remarks  of  Mr,  Morifion  with  reRpect 
to  Goveruiucnt  iuterlorence  opened  a  very  wide  (piegtiou.  Ue  had  had 
boilers  inspected  by  indeiwndent  inspectors  fur  twenty-five  years,  and 
recommended  this  coursf,  but  it  was  a  very  different  thing  to  having  a 
Government  insiwctor  reporting  that  the  boiler  was  right,  for  were  this 
dune  it  might  be  assumed  that,  if  an  accident  occurred,  all  reHpousibility 
would  be  removed  from  the  uwuer  of  the  builer.  Tliat  was  the  principal 
objection  he  saw  to  Oovcmment  inspcctinn;  but  otherwise  he  thought  it 
would  be  an  advantage. 

Mr.  KoBEiiT  TnoMPKON  said,  that  he  tiad  had  boilers  with  steel  plates 
over  the  fire  in  ose  for  six  yeai-s,  and  they  were  as  good  now  as  when 
they  were  put  in. 

Mr.  O.  P.  MoKisox  said,  he  rather  allnded  to  the  ase  of  boilers  con- 
stnjcted  entirely  of  steel  and  not  somuuh  to  the  use  of  steel  plates  over 
the  fire.  Some  of  the  steel  boilers  put  up  in  this  ncighbonrhood  had  not 
by  any  meanR  been  a  success,  owing  to  the  use  of  defective  material  j 
plates  had  sealed  off,  shrunk  and  split,  and  had  to  be  replaced. 

Mr.  Xewall  said,  there  were  gi>od  plates  and  bad  plates.  TheboileM 
of  the  "  Livadia"  failed  and  had  to  be  taken  out.  There  were,  on  theother 
hand,  good  plates;  and  they  had  jnetheanl  mentioned  an  instance  of  steel 
plates  being  in  use  six  j-ears.  Mr.  Daniel  Kowan,  of  Gliisgow,  hud  told 
htm  he  had  no  more  dif!lciiky  in  using  steel  plates  than  in  using  iron 
plates,  and  found  them  answer  well. 

The  PRKWDENT— Were  the  steel  boilers  apt  to  crack  between  the  rivet 
holes? 
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Mr.  MoBisos — Yea ;  and  that  iras  one  of  tJic  princifwl  causes  of  Cailnre^ 
and  thej  8helle<l  reiT  much. 

Mr.  A.  L.  Steavknsox  said,  he  could  not  sen  wby  tbcre  should  be  on; 
more  difDculty  u-ith  boilcm  mmle  of  steel  tJian  there  was  wjtb  ropes  mode 
of  steel. 

Mr.  S.  0.  Cbose  said,  sLeol  ropes  were  ascd  in  the  alr«  and  Lhc  stoel  of 
bcitere  came  tn  oontoct  with  voter ;  and  whether  steel  plait's  would  ite 
found  more  economical  thrni  iron  plates  wonld  depend  upon  the  action  of 
wai«r. 

Mr.  £.  P.  BoTV  said,  in  t^ie  caeo  of  builers  the  steel  plain  were  subject 
ta  the  action  of  both  wntcr  and  Are;  whcrms  stcc!  ropes  wcpd  not  snbjected 
to  the  SL-iiuu  of  either  of  th^e  elements. 

Mr.  R.  Thompson  aaid,  he  had  nine  boilers  in  nse,  which  were  cleaned 
ont  onm  in  abont  three  weeks.  The  water  wns  uiodcmiely  good,  and  r.he 
steel  plates  stwKl  ns  well  as  iron  plates. 

The  PttB8iDBKT  EAid,  the  some  prejudice  existed  sgulnsl  the  nse  of 
Btoel  wire  nipcs  when  thejr  were  first  introdnced.  It  did  nut  follow,  bccanse 
the  steel  which  wan  ori^nally  mniinfHcturffd  wait  not  nu  j^nid  as  that  which 
WAS  made  at  the  present  day,  that  Ibo  prvjudioc  chould  extend  to  the  osa 
of  steel  boilers. 

Mr.  JoHTi  Cook  e  asked  if  Mr.  Murison  oonld  gire  them  any  particulata 
as  to  the  onrroHioi\  of  steel  ? 

Mr.  D.  P.  MoittsoK  said  be  could  not  'I  he  advance  which  bad  been 
made  np  to  a  recent  date  in  tbe  manufactnre  of  steel  bad  been  towards 
obtaining''  n  uniform  ductility,  and  if  that  was  accomplished  it  would  over- 
come the  dilliculty  which  he  had  raised. 

Mr.  T.  W.  BcKSiso  afibcd  if  Mr.  Jforison  oonld  (pve  any  reliable  infor- 
tion  as  to  the  mode  of  innj'ectiiig  boilers  in  France  aiid  Betgiinn? 

Mr.  MoHisoH  replied  some  results  were  glreu  in  his  paper,  lie  could 
not  speak  with  certainty  respecting  France,  but  in  Beljiium,  Genuany,  and 
Switzerland,  tlic  boilers  n-ero  inspected  by  Societies  connected  with  tbrir 
respective  Uovernmcnts,  and  reports  were  made  not  only  to  the  ow&en 
of  the  coltieries  and  other  places  where  the  boilers  were  In  use,  bat  also 
to  the  Goiremments. 

The  PftXBiDXirr— Is  it  compulsory  in  Belgium  to  hare  Iwllers  examined 
by  these  Societka  ? 

Mr.  MoBisoK — No.  So  far  as  the  GoTcmrocnt  reports  for  that  country 
were  concerned  tho  kiogdom  was  dirided  into  eleren  districts,  and,  taking 
the  districts  one  by  one,  it  was  prored  that,  in  all  the  districts  where 
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The   Struve    Ventilator. 
Cross  Section  of  Upcast  Shaft. 
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VISIT  TO  Cr,KTEI.Ain>. 


indepenilent  iiiEpcoiinn  n-iis  cmploTod,  the  niimbcrof  dentlis  from  explugicuB 
wns  very  much  wnnllor  than  in  those  'iistricln  whei-e  no  cxtmnecniB  inspoc- 
t:on  t<Mjk  |jlace.  Iti  NyrthumberlHiid  and  Durham,  where  there  wns  much 
iiidcppnddit  inapcctioD,  there  were  only  seven  deniha  in  1879,  whilBt  in 
Sonth  WnlcB,  whoro  tlicre  was  no  inspection  at  all,  there  were  sixty-three 
detithu. 


VISIT  TO  CLEVELAND. 

The  PttESiRiiST  Buid,  Mr.  A.  L.  SteavensoQ  had  hein  kind  enough 
to  invito  the  merabcre  of  the  Iiistitnte  to  visit  Cleveland  on  the  Qth 
September,  to  see  some  mattere  of  interest  with  respect  to  the  sinking  of 
a  shufV  putting;  in  tubbing,  etc.,  and  he  (the  President)  thought  it  wonld 
not  be  iinprofitablv  to  some  of  the  younger  nieinlwra,  who  probably  had  not 
hfid  any  cxpcrienM  in  sinking,  to  witnws  what  was  being  done  there. 

Mr.  STEAVESftoN  mid,  his  principal  oliject  in  gtring  the  invitation  was 
to  afTurd  tbo  youngor  mciulicrBanop]X)i'tuniiyof  Beeingthcsinking  opera- 
tions'in  progrenB,  as  for  Bcvoral  years  there  had  been  very  little  sinking 
done  in  this  district.  Two  shafts  of  J  00  fathoms  each  were  being 
ennk ;  and  the  members  conM  on  the  Bame  diiy  witness  the  operation  of 
drilling  in  ironstone  by  machinery. 


The  Secbetary  then  niinotinced  the  result  of  the  balloting  for  the 
election  of  offiuerB  foi"  the  L-nsuiug  year. 


The  President  snid — In  leaving  the  Presidentinl  chair  aftpr  three 
years  of  office  I  cannot  I'efrftin  from  expressing  my  tlinnks  for  tlic  great 
honour  yuu  have  dune  me,  and  tbr  ilie  cuui'tcny  1  have  always  rL-ceivcd  at 
tlic  hands  of  the  momhcTB. 

An  old  member  of  the  Institnte,  one  who  attended  its  opening  meetingif 
I  have  watched  ils  progi-eas  with  the  greiitett  satisfiiction.'  I  hare  seen 
with  pride  its  p^ot^^'dings  quoted  in  all  the  leading  scieutitic  cyclopaidias 
and  other  works  tlcvotcd  to  scientific  pureuits,  translated  into  foreign 
(anguttgcs  and  forming  CTCi7where  the  starting  point  of  all  practical  infor- 
luation  on  that  mu&t  interesting  subject — Mining.    1  have  seen  it  grow  in 
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power  and  dignity,  and  iu  cfTorts  to  sure  lire  reoeiTc  tlie  ft<^kT>owIedgnient 
of  tbc  Lcgislataro.  I  hiire  regarded  with  pleasure  and  Bntisfaction  the 
advent  to  its  ranks  of  that  claas  of  the  profession  to  wtiicli  mining  is  to 
mnch  indt.-bt«d — the  iEochanJcal  EDginccra ;  and  I  have  watched  vilb 
gimtificd  iutcroet  the  increased  acoe)«iun  t«  its  rankH  ot  Stiidcnta ;  and  I 
repent,  I  feci  iirond  that  I  bare  been  permitted  to  participate  in  ita 
eonncils  and  to  hold  tbnt  meet  coveted  of  all  honoun  (o  the  UiniDg 
Engineer,  the  position  of  its  President. 

Getitlemcit,  the  onlj  way  to  cause  an  Institute  such  as  this  to  QonriBh 
is  for  ita  membcra  to  cherinh  it,  to  carry  their  love  for  it  wbcrerer  they 
go,  into  furtigu  landa,  into  our  oulouies,  and  into  those  vast  resourcee  of 
mineral  wealth  jct  nnwroiight  in  our  imperial  poescssions :  and  it  ie  with 
pIcflAtire  T  note  in  the  lint  of  mcmbeni  many  foreif^i  nddresecs,  and  thoM, 
I  trust,  n'ill  iucTease  with  each  new  facility  afforded  by  tbo  Poet-oftioe  for 
the  interchange  of  correRpoiHlencc. 

I  cannot  conclude  my  obacrvntions  without  aajinga  few  words  respect" 
ing  the  Students  ivho  form  ao  important  a  portion  of  onr  number;  if  yoa 
can  once  get  them  to  become  cameet  and  active  roembervyou  will  increase 
their  chance  of  success  in  after  life,  and  will  give  them,  where  uicoefflful,  a 
reaped  and  veneration  for  their  (rlma  matfr,  so  to  a»y,  which  will  appear 
in  the  uaefuIucBS  of  thdr  contribulious  to  your  pages. 

A  fttudcnt  of  any  prDfession,  if  he  is  worth  anything,  is  DAtnnkllj-j 
modest,  and  hesitates  to  utter  liis  opinion  in  the  prci^ncc  of  men  whoee 
knowledge  he  appreciates.  There  is  much,  however,  of  knowledge  which 
be  could  elicit  by  participntion  in  the  discuBnioiis,  bnt  it  is  possible  tbat  he 
could  obtJiin  mnch  more  ifbe  had  more  frequent  opportunities  of  meeting 
faia  fellow-studcDts  and  comparing  notes  with  them.  Nothing  is  wi  t»Iu- 
able  to  young  men  as  visiting  different  districts  and  freely  drsooMing  with 
their  e<]iinl8  in  age  and  ptisitinn  finbjects  vital  \n  all :  and  I  trnit  the 
Council  may  find  some  way  of  giving  tlte  Studenta  iniTvascd  pruminenae 
and  affording  (hem  greater  opportunities  of  becoming  directly  interested 
in  the  succcMof  the  Inatitnte.  IfthiBbcdone,de|>end  upon  it  your  labour 
will  not  be  thrown  away,  and  your  country  will  thank  yon  for  the  intcreai 
you  have  taken  in  u  class  who  will  in  future  be  called  upon  to  fiilfi]  the 
important  offices  of  Mining  Kngineen  and  he  entnsted  with  ilielircs 
and  propcrqr  of  their  fellowmcn. 


Mr.  E.  F.  BoTD  said,  they  onght  not  to  allow  the  meeting  (ocundndt 
until  they  had  returned  their  sincere  thanks  t^i  Mr.  Grecnn-cU  for  the  ■er-1 
ricM  he  had  rendered  as  President  of  the  Infttitnte.     Having  had  th« 
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nononr  liimBotf  of  filling  tliesaTuo  position  he  nu  able  in  jnd]^  of  the 

nature  of  the  dulies  which  Mr.  Grccnwell  had  had  to  perfonn.  It  ifu 
well  known  that  an  active  Coniicil  was  of  incBtiraftbli:  vahie  in  cncoiirngiiig 
the  growth  generally  of  u  Society  ancb  as  thciw,  but  over  Ihnt  OoimcU 
there  mudt  be  a  niliiig  head :  mid  he  thought  Ihev  would  agrte  with  liim 
thot  Mr.  Grcenwell  had  filled  the  position  of  President  in  nii  able,  digni- 
fied, nnd  oonrtcoiiB  manner.  In  the  remarks  which  he  had  jnst  made,  Mr. 
Orccnwrcll  had  need  the  word  modesty  ;  and  he  thonght  that  that  word  waa 
particularly  appliaiblc  to  Mr.  (Ireonwcli  himself,  a  man  of  jire-eiiiineut 
stnndin^jand  cxpcnem-e  iu  the  prt>fcs8i(>n.  He  (Mr.  Boydj  had,  like  Mr. 
Greenwell,  licen  n  mfmbcr  of  the  InsUtnt*  since  its  formation.  He  wm 
present  n(  the  first  meeting  after  the  accident  at  Seaton,  and  he  had  experi- 
enced great  aitisfaetlon,  and  Telt  it  an  hommr  to  have  been  one  I'f  its 
Preaidenta.  ITc  had  raueh  pleannre  iu  propriainj;  that  a  hearty  nnd  Biiicere 
vote  of  thanks  be  passtxl  to  Mr.  Grccnu'ell  for  the  eariieet  iuU-rcst  be  had 
taken  during  the  ilirci:  years  (if  his  Presidency  in  iintnioting  the  suctssa  of 
the  Institute. 

-,       Mr.  W.  H.  Heduey  seconded  the  vote  of  thanks.     He  was  sure  they 
most  all  be  eatisfied  that  the  TnetiUitc  hud  very  greatly  benefited  by  the 
vnat  and  varied  experienpe  and  knowledge  inall  matters  relating  to  Mining 
Knginccring,  whiuh  tlieir  retiring  President  was  endowed  with. 
The  vote  was  carried  by  acelamation. 

Mr.  Ghee.vwki.1.  thanked  ibomemlicrs  most  sincerely  and  hfiartily  for 
their  kind  expressions,  and  said  he  wiKlieO  be  could  feel  that  he  bad  merited 
them. 
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REPORT   OF  THE  COMMITTEE  OX  MECHAXTCAL  VENTI- 
LATOKS.  APPOINTED  APKIL  13th.  l«7a. 


Thk  pxpcrimentfi  were  iindennkcn  by  your  Committee  with  a  view  to 
plncc,  as  far  as  pussihlc,  on  an  impartini  basis  fi»r  rnmjwiriflnn.  tbo  rc«ilu 
of  wfirkiny,  iindti-  (inliuary  coiulitiouK,  'if  ibf  |iriiid])iii  Vi'titilittoni  at  |irf- 
Hent  employed  fur  the  vcntilatinn  of  miiiea,  anil  tin;  pmcficnl  cHrrvin^ 
out  of  Hiieh  cxpcnmi-ntfl  wiis  |>l»cfd  in  tlic  hands  of  two  cnginwrc,  Meimt 
C.  S.  LiiMleny  ami  E.  H.  Liveing. 

Tho  following  mncbinvs  msrn  sulectwi,  and  the  cxperimcoU  were  mode 
in  the  order  in  which  they  appcBr  in  the  annexed  Tabic: — 


Vo. 

Dncftirnox. 

BrTTATIOJI. 

u  TVinuMlom. 

1 

auiW  F«u 

Hilda  ColliOTT.  ftontli  Shl<>lct* 

Vol,  XIV,.  [1,73. 

2 

Wndillv  „ 

Cel}nicn  Oillior^,  AbrrcAnit!,  So.WbIcii 

Vol,  XIX.,  p.  827. 

8 

Vehicle  .. 

Cv  Honw  Collierr,  Kvtliprliani 

4 

Schiele  „ 

CarCfin  Wood  CoSIit-rr,  HnnMley 

B 

Ouibal    „ 

I'entbeTtiw  Colliery,  Wlg»ii     

6 

Oiiibal    „ 

Caiinonic  WonA  CAKcry.  HtAnnSari, 

Stfcffiird 

7 

LoroicUa  Voiitibtur  - 

PftfE«  Bank  Colliery,  UurltBin           .  . 

V<>I.XVIIl.,p,63. 

fl 

StrnrC          ,. 

Cwm  Avciii    (.'iitlipnr,  Taitmch,  8ontli 

W«1m     

ThU  Report. 

9 

Ntxon          „ 

KsTlgBtJon  Cnlli«7,  AWdarv,  South 

W«lM       

Do. 

10 

Rout* 

Chittiiii  CoUicrj,  FurTyliill.  Diirluiui 

I)o. 

11 

Cooks          „ 

Huttnii  Henry  Coltiorr  D>»rlum 

Vol.  XIX.  p.  17. 

IX 

Qaffint 

H  orliw    k     Ti11«u  r    CaUidnt,    Li^^ 

Balgium 

ThU  Report, 

One  half  the  mimbcr  of  the  above  Tentiliitors.  viz.,  those  nambered 
from  1  to  G  incliisire,  are  eentrifiijjal,  and  the  other  half,  numbered  from 
7  to  12,  are  varying  rapacily,  or  ditiplacemciit  mncliiuep. 
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REPORT  or  COMMITTEE   ON   MKca.UdCAI.   VEKTK^TOEH. 


Thft  result*  of  the  experiments,  together  witli  the  dimcnsJoos  of  the 
mnc-hineii  a:{)et'itiiciitvd  on,  an  ^wn  ia  the  nunexed  table,  Pages 
289  to  202. 

Some  ventilators  nre  i^c]acl^?d  which  cannot  fairly  be  Mid  to  Aow 
whut  the  sji'stcm  Chcj  repreftt;nt  is  capable  of  (loiiig  uiidcr  mure  fkrour- 
able  conditions,  and  to  tht-ae  yonr  Committee  will  briefly  refer. 

LKMIBIjLES  ventilator,  PAOiE  BANK  COLLIBBV. 

This  Tcntilator  vaa  cxamiucd  bec&QBe,  na  far  aa  could  be  ascerUiood, 
it  was  tbc  only  one  of  its  uIhbb  »t  work  in  this  conntxy.  It  will  be  aeen 
on  reference  to  the  tabulated  rtaiilta  thiit  the  rr-cntrr  man  more  than 
half  the  theorctic-»I  deliTery  of  air  witli  the  present  low  water  (fauge. 
The  engine  U  stated  to  be  too  large  fur  the  ^'entilator,  ttie  mean  steam 
pronanrc!  in  the  cylinder  being  five  iwtinds  per  S()nare  inch  at  the  highest 
itpeed  at  which  it  con  be  worked  nitb  safety. 

NIXON  VKNTILATOn.  NAVIUATION  COLLIERY. 

This  also  is  the  only  ventilator  of  its  dam  at  present  working  in  this 
country.  Considemble  Icukiigc,  amounting  Ut  m  much  as  'II  percent, 
of  the  Ibeureiical  delivery  of  air,  occurs  at  the  air  pislnna,  which  pre- 
vents a  high  result  being  obtained. 


MODE  OP  CONDnCTINO  THE  E5PER1MESTS. 

llKAauKEMEST  OF  AiB  IN  Vkstiij,tok  Driit.— The  fint  air  mmr 
Buronu-nl.  was  made,  when  ixeaible,  in  tlie  ventilator  drill.  At  the  place 
of  nieamiTenient  strings  or  wires  were  fixed  bo  as  lo  divide  tbc  drift  into 
divisions  of  nearly  eqnal  area. 

The  anemometer  wai;;  allowed  to  run  for  one  minute  in  each  diviiaon ; 
one  minute  int^Tval  wan  taken  for  reading  the  iiistrunicnt  and  moring  ii 
to  the  next  division. 

The  air  measurement  thus  occupied  twice  as  many  minutes  as  there 
were  divJMons  in  the  drift 

If  it  was  not  practicable  to  make  the  measurement  in  the  drill,  the 
returns  were  divided  and  the  moasnrcmeotB  mode  as  tn  the  drift. 

UiAGBAME  OF  Knginr,  Wati^r  Uauge,  crc. — Simultaneously  with 
the  air  measurement,  diagrams  wore  token  from  tlie  engine  at  intervals  of 
three  or  Rrc  minntcs.  Kscb  rlinfrram  was  acrompanied  with  nn  obnrva- 
tion  of  the  water  khu;^  and  revolutions  of  the  tngine  per  mionta. 


MODE  OF  COSnUCTISO  THB  BXJ'EailliaJTS.  £74 

The  usnal  working  speed  wm  in  ^l  cjwea  that  adopted  for  the  experi- 
ment, and  it  wm  maintaitied  a<t  uuifomilj  a<t  puwtiblc  throughout  the 
trial. 

In  most  instances  cliagromB  were  taken  from  etich  end  of  the  t-ylinder 
on  the  same  paper;  when  this  conl^  not  be  done,  the  di^irams  were 
ukcn  from  one  end  of  the  cylinder  only  during  the  experiment,  and  sub- 
8e([ueiitly  a  series  ofdingraniH  were  tdken  I'mui  huth  i-ndtt  of  (he  cyHuder, 
with  the  enpiie  workuig  «t  the  Brtnic  speed  ita  (hiring  tlie  exiJcriment. 
A  ratio  was  thus  est^thltshed  hetM-een  the  presenree  on  both  sides  of  the 
piston,  which  vras  used  to  determine  the  pressute  at  the  end  which  couM 
uut  be  observed  durinji  the  experinu'nt. 

Check  Air.  Mrasl'hrments. — After  eomplpting  the  drift  Tncasure- 
ment,  a  second  air  mewuremeikt  was  madv  eitliec  in  the  intakes  or  return 
air-wBja  to  check  in  Rome  di-fjix'c  tlic  drill  meiiaJircment, 

Theae  measnrementA  were  made  by  moving  the  anemometer  uniformly 
over  the  whole  we»  of  the  air-way  for  two  minutes,  and  repeating  the 
ohservaliun  twice,  to  avoid  error. 

This  method  of  measTirinj;  ^Wes  very  trnstworthy  resulte. 

An  ex|wriment  was  carpfiiUj  made  at  Ifilda  Colliery  in  the  Fan  Drift, 
where  the  air  current  is  very  irregiiliir,  tu  conipaa-  the»e  two  methuda  of 
measniing,  iind  tlio  result*  obtained  were  praetienlly  the  same. 

Diagrams  of  ExorsE  and  Water  Gacge. — Durinjj  the  nieasure- 
nients.dit^ri'aiiisofcngincandobecrv'atJoQS  of  speed  and  water  gauge,  were 
taken  in  tin?  same  innriner  m  in  the  first  metLsurcment. 

CoRttEcTiQSS  or  Usnr.EGRorsi)  Am  Mfuriijiemksts  to  tub  con- 
DiTiONS  OF  THB  Vkxtiutoe  Drift. — The  laws  of  Mariotte  and  Oay 
Litwaic  were  applied  to  ci'iTeirt  the  volume  of  air  measured  in  the  intake  or 
return  air-wiiyB  to  die  uondition  of  the  ventilator  drift  at  tlie  Burluce, 
viz.,  for  prewnre  and  temperature,  afliT  the  follnwing  manner :—  Supposing 
the  volume  "f  air  me-iiiured  in  the  intake*  to  be  100,000  culjic  fet't  per 
minntc.  then  the  required  volume  it  would  occiiiiy  in  the  ventilator  drift 
would  be  foond  by  cnlculatiou  to  lie  I07,yOO  cubic  feet,  with  the  following 
condttiona : — 


TcuiiM'niun! 

VBiililntiiT  drift 

SOSOiu. 

r>n  ilifTTivii  hVlir. 

IntAkc,  nir-wnj 

31-25  hi. 
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and  nc^leutin^  any  small  inervatie  of  vuliime  du«  to  wulution  of  g«s 
or  ftbaorption  of  ni|ueoua  vripour  in  tlir  mine,  the  uonclnsion  wonid 
HUmd  thus: — 


S7G 


RKPURT  or  COlWnTSR  OK   MKCtlASICAL   VKSTILATORa, 


10(V»0  X 


81-g&''  >t 


480 


l8P5 


•  107.900  cubic  f«et 


in  the  ventilator  drift. 

A  sPL-ond  dftcrmi nation  t>f  useful  effect  wru  then  made  on  this  volume, 
with  simultancouit  dingrums  and  ubservatious. 

INSTRUMENTS. 
Wateb  QiUOE.— The  "  Daglish"  form  of  water  gstiRc  wm  ased,  and 
at  the  BD^estii'n  of  Fmr«i8i>r  Hersclicl  the  end  of  the  pipe  conucctiiin  it 
to  the  drift  was  placed  at  right  anglcB  to  thu  air  current,  and  oovorod 
loose!?  with  »  roll  of  felt,  pliig^d  at  the  top  nHth  wood  to  cause  the  air 
to  pass  through  the  felt,  as  shown  iu  woodcut  No.  1. 


M!  1 


c 


""J 


Kp 


Caniueted  t»  W.G. 
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AU  obwtrations  of  the  w&icr  gouge  in  the  inlet  vtn  made  iu  the 
tame  maanei-. 

To  BBoerUkin  tlic  wat«r  gau^?;  of  tlie  varying  oijuieity  loaohinoB  pro- 
ducing ft  pulsftf  ing  pressure,  the  open  end  of  the  water  pange  wb«  eloacd  by 
a  capillary  tube  of  gliuu»,  8c«  woodcut  No.  i,  Kveral  of  which  ivcrc  at  band, 
and  one  aclectcd  to  reduce  the  puleattuus  within  siilliciuiilj  narrow  litnita. 

AjfEMOMKTKB. — Thu  Cuflella  anemometers  ompiuycd  wore  frequently 
t«0t«d  on  the  circuUr  nhtrHng  machine  to  aw'ertain  the  friction  and  a 
coDslant  obtainod  frum  tli«  straight  llnca  by  Lite  formula  V  =  m  R  +  a. 

Ounudenible  accuracy  waa  attained  by  meanii  of  an  auUimatic  amuige- 
ment  on  the  whirling  iirm,  contrived  by  Mr.  Lireing,  by  which  the 
unemiftuctcr  ht'^p  ujutU  iv  neC  on  uuil  ott'  ivheu  iu  iiiotiuu. 

This  arrangement  u  Kbuwn  in  ('late  XLVIII.  A  B  reprefleuta  the 
end  of  the  arm  of  Uie  whirlitig  in»chine  which  should  he  made  m  thin  m 
is  cnnftistent  Hjiti  rigidity,  t>j  thiti  the  anemometer  ia  Kcnr«d  by  two  uaaU 
wooden  clampe  Z  Z  tiglitcuvU  by  K.-n;n8.  Kt-yoDd  the  aneroomoter  is 
fixed  u  wooden  frame  I),  in  whitli  are  l<>iirpet!K  £  K  (i  )I.  On  tlie  other 
side  of  the  auemi>meter  a  melul  [xg  TC  \a  vn-vted  iul>>  the  ann.     To  the 


catch  M  of  the  ftuemoineter  is  fttt:\chc(i  a  piece  of  twisted  wire  of  the 
furm  shovt'ii  ut  N,  whicti  iL-riuiuiites  iu  a  loop  at  one  «nd  nnd  in  twu 
books  lit  the  utlier ;  U)  one  of  thcsu  n  nt;uk  India-rubber  bund  X  is 
Becurei),  the  other  ctul  uf  which  itt  iittaohal  Ui  the  |icg  K,  this  band  is  of 
BufEc'ient  etruugth  nheu  acting  alune  tu  draw  the  catt^h  on,  mid  atop 
the  index,  tu  the  oiiiur  end  i>f  Uie  twisted  wire  is  Qxed  h  socoud  stntnger 
Tiidin-rtibhor  band  Y,  seinirod  by  a  piece  of  thread  T,  jiosaing  orar  the 
peg  K  and  attached  In  G  ;  this  flocntid  biind  is  of  sufficifiit  strength  to 
pull  the  catch  uff  ill  opposition  io  the  bnnd  X.  and  lastly  a  thread  H 
in  iitlaehed  Ui  the  houk  P  and  parsing  round  the  i>cg  K  and  over  F  is 
eecured  to  II ;  this  being  drawn  tight  keeps  tlie  cnt^:h  on  in  o]»]».)aition 
to  the  band  Y.  There  is  a  small  knife  V  alUiehed  to  a  slide  and  fixed 
to  the  wall  or  other  support  in  sudi  a  tnanitcr  that  bv  its  inuveiucut 
in  the  slide  it  can  be  made  lo  cut  first  i>tie  ilirwad,  and  then  the  other. 
On  cutting  the  first  thread  the  index  is  rel«aaed,  ami  <iii  entting  tlio 
second  it  is  stopped. 

Before  o^miiieiicing  an  vxitorhneDt  tiie  thiendg  are  arrangeil  us  shown 
i[i  t}ie  drawing,  and  liefuri'  starting  the  macltine  the  ifadijig<.if  the  anemo- 
meter is  of  conrsc  noted,  the  arm  is  then  permittee)  to  make  ten  revolutions 
iu  order  to  acquin-  a  uuiform  speed ;  Iwtween  the  ninth  and  tenth  revolu- 
tion the  knife  is  moved  up  against  a  small  stop  on  the  elide,  and  aa  Uie 
tenth  revolution  is  completed  tliL-  thread  is  cut  at  0,  and  the  time  noted  by 
«  watch,  the  sound  produced  by  the  eutttng  of  the  thi-ead  rendering  this 
easy.  Nineteen  rfvoliitions  are  then  amiited,  and  between  the  nineteenth 
and  twentieth  the  knife  is  moved  up  against  a  A'cond  (ttop  on  the  Hiidc  m 
that  it  severs  the  second  thread  at  the  completion  of  the  twentieth 
revolution,  the  time  Ijeing  agiiin  noted  by  the  waleh,  the  ann  is  then 
allowed  to  come  to  wist  and  the  reading  of  the  anvniunieler  i-euorded. 

The  following  table  shows  nn  example  of  therestiltJtoUtatned  trom  the 
Casella  anemunieler,  No.  !t7i,  which  wa*  nsed  during  the  ex[.'erLraenta 
when  tented  on  a  cinrular  whirling  miicliine  pmviiled  with  K.  H.  hiveing's 
automatic  arrangement,  3rd  Jnne,  18*<0.  The  circnrnferencc  (jfthe  cincte 
of  motion  was  25  feet,  and  SU  revolutions  were  tberefure  equal  tu  500  feet. 
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Taking  tli«  mcaii  rcHulUi  or  a  ood  £  r  itraight  line  ftj'rraulu  or  the  type 
jg  obtained.  V  es  m  R  +  a  in  whtcli 

,^^  ^    lPS-f5  -    &07-6    ^  mi9  ^ 
1()08    —    478-4         623-0 

and  a  °s  507-B  -  m  478-4  =  81-7.  therefore  V  =  -9949  H  +  31-7  or 
■995  R  +  31^  (very  nearly  is  obtsined)  and  thin  fiRun;  agreea  witb  ffrp»t 
cxac-tiicfls  with  nil  tho  above  obeervatiotis.  It  irili  be  seen  lh»lil 
figures  tlint  the  nmogemcnt  doscribofi  fpvea  very  futtiarat-tory  resiilU,  i 
w  a  great  tmpnirement  upon  the  primitive  method  hltberto  employed 
suddenly  Btoppiiig  the  turn  at  Ttill  K{K-ed.  mid  readin};  the  iiiMniioenl,  for 
the  sudden  shock  tliis  ocxiisioiicd  was  liable  to  iiutterinlly  lUter  tbe 
oo-eflicient  of  tvirroction. 

Stram  iNDinATon. — Richard's  iiiditrntor  wut  oaed,  and  ihc  springB 
were  te«tvd  und  cnnpHrt'd  nith  their  o^rrespoDding  scales  in  the  follovr- 
ing  manner,  Plate  XLIX. : — 

The  Rpring  bo  be  examined  nraa  placixl  in  the  indicAUir  cylinder  in  th« 
otaal  way,  but,  l>efore  tbe  milleid  imt  A  wag  attadied  to  the  pitton  rod  ft; 
perf>rotiHl  tnuttil  diBc.  V,  with  u  wia-  l»o]i,  ti,  vtan  amiiiguil,  tunuio  rasCJ 
npiin  the  nulled  iint. 

The  indimt4ir  wiui  tisi-d  in  an  inveru-d  pudition  with  a  Hbif;ran)  paper 
ou  ihc  dniin,  and  an  ntmotipheric  line,  D,  drawn.  Knowti  weight*  ntro 
then  ra8)>eudi-d  to  the  niru  loop,  and  oora'«)KindiQi;  hues  drawn  iHi  tbo 
drum  after  cutb  addition.  The  diairram  tbns  obtained  was  aifamiiMnttjr 
nu-4Miin^l  with  the  correvpt^ndinf;  st^le,  and  tlio  tmcUujes  c(im|mrod  with 
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the  weiphtfl  employed,  then  HR  the  area  of  the  piston  was  half  a  Bquare 
inch,  every  halT  poiiiiil  auapeuJvd  slii>uUl  iudiaite  iini;  puund  on  tho  ficalc  ; 
if  it  did  not  do  so  t»  any  upprcdnble  extent  the  spi-iiig  vas  n-jci^tiil. 

In  order  to  rcudcr  this  ropi>rt  to  sumo  extent  complota  ia  itscir  a  small 
drawing  <if  lh«  tiiiilral.  Waddle,  Lcmiollc,  and  Ciwlte  ventilators,  already 
fully  described  in  the  Ti-ansactions,  is  given  irj  I'late  Ij.,  aocl  those 
roiitihiforfl  only  which  ba^'e  not  bocn  prorioiialy  alhided  to  are  more 
purticialarly  dcecrilNHl. 


SCHIELE  VENTILATOR. 
CAS  HOUSE  COLLISttY.  BOTHBKHAU. 

Tliia  ventiUtor  hns  ham  at  work  for  aanic  ywirg.  Tt  v^tit.I!«t*fi  the 
Barnsley  Bod  Sewni,  whirli  liasul.  this  pit  been  WL.rkedn  considerable  length 
of  time  :  Iflrge  areas  of  goaf  aiirround  the  8h:ift ;  Indeed  the  tcoaf  has  for 
tho  moBt  pnrt  to  act  m  (be  rctnni  air-way.  'J'his,  togi-thcr  with  thf  high 
inclinatiuu  of  the  acnins  (ft'ora  1 2  to  1  (1  in.  per  yard)  renders  the  vonliUtion 
of  this  colliery  a  matter  of  coMidci-able  difficulty.  Thia  fim  i-eplaced  a 
furniice,  and  gave  a  very  great  increase  in  the  Tentilaiing  current. 

DEscRimoN. — 'I'he  Schielu  Ventilator  (PhitcfiU.  nnd  I.I  I.)  iaa  ccn- 
trifngid  machine  of  the  closed  type.  The  moving'  part  uf  the  fan  is  small 
in  diameter,  and  conatrnctcd  wholly  in  WToiiBht  iron,  the  heuvieut  portions 
being  disposed  rt>itnd  the  centre.  The  diw  or  blades  of  the  fan  Uvper 
from  the  tip,  widerinK  tuwards  llic  centre,  This  disc  revolves  betureen 
two  caat-iitm  side  wrUr  of  a  section  following  the  tajwrof  the  liKides.  Tho 
air  enters  at  each  liide  of  tlie  Tun  in  c<|iml  r|iiaiititti'S.  The  cfifiing  of  the 
fan  is  iti  wronght  iron,  and  takes  the  form  of  a  gnuliiftlly  increiwing  volute 
air-chamber  snrronnding  the  jieriphcry  of  the  hiatleis  and  culminating  in 
the  exit  which  forms  the  widest  point  of  the  nEr-chambur. 

Theenginee  are  usnallyof  a  horizwntwl  type,  with  broad-faced  Hy-wheel, 
ft-om  which  the  power  is  jjivcn  off  by  suitable  bet),  to  a  driving  drum  on 
the  fan  shaft.  Some  of  the  Sclrieie  Fans  are  driven  direct  from  the  crank- 
iiha!t  of  the  engine. 
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MIXOK   VENTrLATOR. 


DRBP  DUK-FUYX  COLLIKRV.  MOUNTAIN  ASH.  SOUTH  WALKS. 


This  vcntilntor  wiu  the  firat  an^l  is  At  prcitent  the  oal;  one  of  il«  kind 
working. 

It  was  erected  in  18S9,  and  Km  worked  vittiout  any  connidcrftble 
itojipage  Biiicc  that  pcrio<l,  requiring  vcrjr  little  repeir.  Plotea  LIII., 
LIV.,  LY.,  LVI..  and  I.VII. 

Tlic  workings  reatilntcd  are  the  cast  and  nest  vorkings  jti  Uie  Tuur- 
tM>  Kom ;  thei>e  extend  over  ARO  acres  i  tliu  dotriunist  etiafl  (Navigation) 
ia  gitnatcd  1. 000  vnnlB  from  tlic  npcnst  rfmft  at  Dwp  DnfiVrn  ;  the 
effecMre  area  of  cat-h  sliafl  iit  1 22*28  8«[iiare  fwt  and  BR  aqnarc  fprt 
rcsiwctively. 

Deschiition. — The  Xixon  Venlilntor  is  a  horizontal  donUc-acting  air 
pump;  twu  i-ccUiiigiilar  pi8Unu<,  ent'h  30  feet  wide  and  20  fuot  biph.  i-ecipro- 
catc  ti)  Hi)d  fro  on  a  ruilwa;  fixed  in  the  chambers:  the  back  and  rrmit  of 
these  chambera  conBiat  of  wood  framing,  on  which  a  number  of  wood 
valvfB  or  "  flapn"  are  hung;  the  lower  half  of  each  irhamlier  is  in  wmneo- 
tion  with  the  pit  when  the  inlet  rnlvca  arc  open:  on  the  upper  half  of  the 
c^niU-c  the  outlet  vakw  are  hnng,  and  commnnicate  with  the  ntinoapherc. 

TnECiiAMBKiis.—There  are  two  chambers.  Plates  LI  v.,  LV., and  hVl^ 
bniltchicfij-of  wood  (red  pine),  and  strengthened  with  masonry  bntljcsaet, 
one  at  the  centre  and  one  nf. each  cntl.  Karh  ehamtjer  ia  30  feet  wide,  JOfoet 
high,  and  7  feet  long.  Thcae  are  erected  en  stone  fuuodatious;  half  their 
deptli.  alHiiit  10  feet,  ia  K-loiv  the  top  kI'  (Iii.>  engine  pillar.  Tltc  cliambcm 
arc  Burroiinded  at  the  aidta  and  ends  by  drifts  which  c(>innianient«  witli 
the  main  drift  (Sr>  }'arda  long  and  O.S*:!.')  aqnarc  ftfct  area)  to  the  top  of  the 
npcast  Hhafl — Piute  XAll.  Oier  the  casing  of  the  cbarahen  is  ■  slate 
rfHofing  to  prritect  it  IVoin  the  weallier. 

TiiROKETiCAr.  Capacity.— The  loss  arising  fhnn  leakage  (4 1  pcrcenL) 
is  \-crjr  higli;  it  is  improlmble  that  alt  this  twcuni  at  the  valves,  no  doubt 
some  portion  of  it  taki«  place  ol  the  pistons,  for  on  observing  a  f^ 
water  gauge  connected  with  the  chamber  (right  liandj  a  sudden  fall  was 
observable  at  Imlf-stroke.  It  is  stated  ihat  there  is  no  packing  insctlcd 
lietween  the  edge  of  the  piston  and  the  sides  of  tlic  chamber. 
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30  ft.   -c  SO  It.    "   7  ft.  >^    4  X   719  -   180,^0  cub.  ft.  pt  min. 

•Cfotac. 
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IMffrrpnre     ...  'l'n^7o  „  „ 

Equal  U>  II  I'lui  iif  -il  pvr  iwnU 

In  the  iiibUiii  or  a  uew  ventilator  of  this  c1a.<is  it  in  propnned  to  make 
the  edge  of  the  piston,  where  it  meets  the  sides  of  the  chamber,  about 
8  feet  wide. 

PwTONB. — There  arc  two  reutangular  pisUnis,  Lbcir  Jiraensinns  com- 
•ponding with Ihccharabcra.  Thcyform  a  "caeing"  or'^shcU;"  thcside* 
are  wrtcred  witli  sheet  iron  plates  3'75  iuch  thick  near  the  centiv,  aud 
"2ri  inch  thick  at  the  outer  edge:  the  middle  plates  are  ri\*cbed  to  a  uofit-iroQ 
centre-piece  fl  feet  l>y  2  feet  9  inchoa  by  a  pi-ojccting  (limgc  8  inches  all 
ronnd ;  the  piston  is  connected  to  the  cranlc  shaft  hy  a  piston  rod  and 
ctintit'c-ting  rod ;  the  piston  rod  is  attached  t<i  the  oentre-piL-oe  by  a  tapor 
head  and  key. 

Eauh  piFtton  in  carried  on  four  rollcint,  tiro  on  cither  side,  which  are 
placed  in  carriftges  fixed  at  the  bottom,  and  travel  on  a  rail  secured  to  the 
lltjor;  the  diameter  of  each  roller  is  Huch  thiiL  in  cxie  Htmke  of  the  piston 
it  mnkes  exiictly  one  revolution,  su  that  the  wear  may  be  imifonn.  This  wear 
is  fbnnd  to  he  rather  excessive,  and  wheels  of  puddled  steel  are  adopted. 
There  is  a  flange  Co  prevent  any  lateral  moveintnit ;  and  each  loUer  ia 
further  fitted  with  adjuslablesct  boles  to  set  the  piston  up  wiieii  reipiii-ed. 

In  tlie  piston  of  the  new  ventilator  theac  roltcni  have  been  done  away 
with  and  a  double-headed  girder  Sn  feet  long  suUtittited;  this  is  secured 
to  the  piatoD  two  feet  above  the  centre  in  such  a  way  as  to  travel  with  the 
piston  over  wheels  plowed  on  the  oDlaide  of  the  (!hnnib(*re. 

Ol'TLkt  VALvea — The  ontlet  valves,  SSfi  in  nnmber,  occnpy  the  top 
half  of  both  sides  of  the  chambers ;  these  are  suspended  by  a  hook  attached 
to  the  framework,  and  are  made  so  as  to  cover  the  opening  by  the  space 
of  one  inch  all  roimdj  no  packing  ia  attached  to  the  faces,  as  experieaoe 
has  shown  that  adilitionnl  back  pnssiire  is  caused  by  inserting  a  atrip  of 
felt.  The  resistance  of  the  valves  with  planed  faces  as  at  present  is 
•5  inch  water  gauge. 

The  size  of  each  vah*e  is  S4  inches  long  by  Ifi  inches  high ;  and  tlie 
amonnt  of  opening  at  the  lon-er  edges  varies  5-om  2^  inches  to  3  indies. 

Vol.  xxx^iiM.  y  — 
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ISI.KT  yAL77A— These  occupy  the  lower  hatf  of  the  front  and  back 
ndes  or  the  cbambert;,  and  number  S!}2,  or  TiG  niorv  Lhun  the  otillcl  valves, 
and  arc  ftimJlar  in  constmcticn  and  liitiictiaions. 

EsQiNR. — CyIin<Ior(giTiKle)3.Ritiche«dinmetcrand5  feetstroke.  It  is 
placed  ia  front  of  the  ventilator,  Plate  LIII.,  and  works  direct  on  to 
the  crank  shaft,  on  which  are  plwx-d  twu  fly-whecla  20  feet  drametor, 
weighiQf;  15  tons  each. 

The  i-entiiator  cranks  a(  t!ie  end  of  the  shiill  art-  placed  at  right  angles 
toMchother,  and  the  engine  crnuk  iri°infrout  of  the  right-band  chamber, 
*Dd  lSi>°  from  the  left ;  this  is  shown  in  Plate  LV[[. 


STRUVB  VENTILATOR. 


CWM   AVON  COLLIERY,  TAIBACH,  SOITH   WALKS. 

lliis  renlilator  ia  situated  at  the  Tnjrsdavid  Pit.  It  is  one  of  tliB 
lai:ge£t  of  itB  kind  erected,  and  is  now  one  of  the  few  remaining  nt  present 
working. 

The  workings  which  it  rentilatcB  arc  very  irregular,  the  dip  Tarying 
from  45  dcgrcea  to  dO  degrees,  the  arcrago  inclination  taring  abont  RO 
degrees. 

A  slant  driven  in  the  dip  of  ttw  aeam  is  used  m  a  downcast,  and 
splita  of  air  are  taken  fh)m  it  along  tJie  dilTerent  levels  in  the  Kineiy 
Seam. 

Dbscuiition. — This  ventilator  eoosists  of  two  air  pistons,  or 
"aerometers."  Phites  LVIII..  LIX.,  LX..  and  [..XI., each  18  fcvt  S  inohei 
diameter,  made  of  eliect  iron  "iti  inch  thick,  which  reciprocate  vertically  in 
an  annular  tank  or  reservoir  filled  with  water.  The  length  of  stroke  of 
each  piston  is  7  feet,  the  motion  is  communicated  to  them  by  a  beam 
above  the  chambers  (Plate  LVIII.},  and  the  pistons  an  connected  to  it 
\}j  a  parallel  motion. 

Chaude&s. — There  are  two  cbambera  to  eaoh  piston,  vu.,  one  above 
and  one  below  it.  The  sides  aro  formed  of  hexagonal  wood  firamtng,  on 
which  the  valves  are  hung.  The  outlet  valves  are  hung  on  the  front, 
and  the  iolel  on  the  inner  or  back  half,  Plate  LX. 


TH«  8TRXrTB    TBHTI 

Valves. — There  are  nioetj-two  outlet  valve*,  inducing  four  doable 
Tolvca  used  a&  mimholes.  Eac-h  valve  m  4  foet  loiitf,  and  1  foot.  2  inches 
high,  exteiHliiig  1^  inches  over  the  framing.  They  nre  made  of  ziuc 
(aboat  7  ounces  p«r  foot),  cairicd  on  a  light  fmmp  of  root),  and  mispcndcd 
to  the  chamber  frame  by  a  leather  baud.  Plate  LXI..  Fig  2).  The  fai.-e  of 
the  valve  is  covered  with  a  scrip  of  cauvue.  Thu  niiuiinnini  amount  of 
opening  at  the  bottom  edge  in  4  iticlica,  and  the  reaistancc  due  to  opening 
the  outlet  valves  '3  inch  wat-er  piHge. 

Plate  LX.  shows  a  eection  of  the  slmft  and  ventilator.  It  is  oju- 
nccted  to  the  u[K;asL  by  a  short  recUinjjuIar  drift,  8  yards  long  and  16  feet 
below  the  Borfiice  level. 

Enoise. — Theuujfine  is  a  single  cylinder;  diameter,  2't  inches:  length 
of  stroke,  4"37  feet.  It  is  ciinneuted  t<j  the  ventilator  by  spnr  gear  4  to 
1.  The  first  motion  shaft  carries  a  fly-wheel  12  feet  diameter.  A  disc 
cranli,  3  feet  fi  inches  throw,  is  fitu?d  on  the  second  motion  shaft.,  tf)  whicli 
ttic  beam  ou  the  top  of  the  chamber  is  attached  by  u  wood  ooiiueL-ting 
rod  25  ft«t  long. 

There  are  two  observations  worth  recording,  namely:  On  enleringthe 
■ventilator  drift  the  rapid  variation  in  atmospheric  prc'saurc,  viz.,  from  6'89 
to  2'(X>  inches,  had  a  painful  efiect  upon  the  drum  of  the  ear :  and 
the  sudden  relief  of  pressure  on  the  satamted  return  air  caused  a 
momentary  precipitation  of  moistnrc,  the  air  in  tbe  <;tianibcr  becoming 
quite  opaque  at  one  iDstant,  and  transparent  at  the  next.  This  was 
noticed  also  with  the  Nixou  vcntllau>r,  thrmgh  to  a  less  extent. 

Theouetical  Oapacitv  and  Leakage. — The  diiimeter  of  the  cylin- 
ders of  tiiia  ventilator,  as  near  an  conld  l^  ascertained  by  mt-aatircrJient, 
was  18  feet  9  inches.  The  length  of  struke  was  7  feet.  Leaving  out  of 
coDsidoration  the  (tnmit  error  due  to  oscillation  in  the  level  nf  the  water  in 
tbe  annalar  reservoirs  of  the  water  joint, » theoretical  capacity  is  obtflined 
of  J  8'25  diameter  =  261*58  area  x  7  X  4  =  7,324  enbic  feet  per  i^vylu- 
tion  of  the  ventilator  crank.  If  this  ligure  be  miilttplied  hy  the  mean 
revolutions  of  the  ventilator  crank  doring  the  two  air  meRfiui-cincnts, 
it  gives  for  the  first  7,S24  x  6'5S  =  47,82B  cubic  feet  as  the  qu;»ntity 
that  should  have  been  delivered  had  there  been  no  leakage,  aud  during 
thQ  second  experiment  7,324  x  (i"255  =  15,811  cubic  Ibet,  shoiving 
leakogCB  of  about  4,000  cubic  feet  and  8,000  cubic  feet  re^ctively,  or 
about  7i  per  cent. 

This  leakage  of  course  occurs  at  the  valve*,  as  the  watiT  joint  admits 
of  none,  and  appears  to  canse  very  little  inoT^nvoniencc  fi"om  splashing. 
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BOOTS  VENTILATOR. 
CHILTON  COLLIERY.  DURHAM. 

Tbia  veutilntoroomnieDced  vrorkiDg  in  IS77,  and  is  at  present  veoti- 
lating  the  workiogs  in  tlic  Fivc-qaartcr  and  Main  C'<kal  Seams. 

Dkbcription. — It  is  a  rotary  displaoement  machine,  discharging  the 
air  in  four  diatinot  rohimes  during  each  revolution.  It  oonsiiits  of  tiro 
rot&r;  pistons  A  A,  P!at«  LXII.,  Fig.  I,  eiacb  25  fv«t  diameter  and 
13  feet  vido,  revolving  in  »  casing,  che  lower  pEut  of  which  iit  cuuncctcd 
with  the  pit,  the  upper  part  being  open  to  the  atmosphere.  The  periphery  of 
each  piston  B  in  in  the  form  of  a  sector,  and  revotvea  clonclj  with  a 
centre  drum  7  feet  C  iuches  diameter  on  the  opposite  piston  C,  their  relative 
poaitions  being  mainttiined  by  Hpiir-geariog.  The  seotors  are  aupported 
by  three  wraij),fht-iron  arms  on  either  aide  of  tiie  centre,  the  pulons, 
and  the  centre  dnims  are  covered  on  their  peripheries  with  theet  iron 
'25  inch  thick,  and  tlie  insides  are  covered  with  wood. 

The  abaft  carrying  the  piston  revolves  in  hearings  fixed  on  a  girdar 
T>,  Fig.  2,  at  either  side,  13  feet  'ii  inch  ^lart ;  this  alloa-s  '126  intk 
clearance. 

There  are  two  adjustable  packing  l)lockB  of  wood  K,  Fig.  1,  fixed  at 
Cftch  end  of  the  ventibttor  chamber,  and  two  F  on  cither  side  of  the  inlefc 
from  the  shaft  ;  tbetie  arc  attached  to  hinged  fyames,  and  made  so  is  to  be 
adjusted,  by  sot  screws,  close  to  the  periphery  of  the  pistons. 

E?iGtKR. — Tlie  engines  are  placed  at  right  angles  to  the  ventilolor. 
Fig.  2.  There  eltc  two  c}-lindcrB  S8  inches  diameter  and  -I  feci  stroke^  with 
odjostAble  cnt-off  valves,  which  were  set  to  cnt-off  at  *3  of  the  stroke 
daring  the  experimeDt.  The  motion  is  communicated  to  the  ntarj 
pistons  of  the  ventilator  by  two  bevel  wheels  GO',  Fig.  i,  each  d  fMt 
9  inches  diameter. 
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GOFFINT  VENTILATOR. 
HORLOZ  i  TILLBUK,  LIEGE,  BELGIUM. 

Both  ventilator  and  cn^nc  are  the  design  of  M.  GofTint,  fonnerijf 
IHrector  of  the  Mensc  Iron  Works. 

Bkscbiptios  ok  Vkntilator. — Plate  hXlII.  is  a  Bectional  elevation 
of  thG  aE^iparatna.  It  will  bo  Ht-cii  that  it  is  a  horizontal  piston  Tentilittnr, 
like  Nixon'a,  but  differing  in  construction  from  that  inaehine.  Plate 
LXIV.  *hott-8  the  drift  connecting  the  Tentilator  with  the  iip-cast  shall. 

Ajs  Cylihdehjs. — The  air  chaioberv,  tvru  in  nnmber,  are  of  sheet  iron, 
drcnlar  in  (leuLion,  atiH  1.H'2  kvi  in  diameter;  the;  are  strengthened  by 
iron  rings  N,  Plate  LXIII.,  and  the  ends,  which  are  of  cast  metal,  are 
flecured  to  them  by  a  flange  of  angle  iron  B. 

Vauvkb. — The  coda  of  the  cT'liodera  are  not  flat,  but  are  nuide  with  a 
di^t  bevel  extending  outn'ards,  m  that  the  eiit  I'alrcii  hung  on  the 
onttfide  of  the  upper  halt',  and  the  inlet  Talves  on  the  inside  of  the 
lower  half  are  retaiued  by  gravity  against  their  swiiiugB,  and  their 
immediate  dosing  at  the  end  of  the  stroke  is  inenrod. 

The  details  of  the  valves  and  seats  arc  shown  in  Plate  LXV.  Fig.  I, 
2,  3.  The  seats  are  made  of  India-nibber  tubing  oivered  with  CAnras, 
and,  when  new.  arc  very  elBcicnt,  but  they  appear  to  Buffer  from  lung 
wear.  The  valves  are  tif  sheet  iron.  There  are  48  at  each  end  of  the 
cyKnder,  the  Inver  2'4  of  which  are  inlet  valves  cunruiinicating  by  the 
drill  G  (Plate  L.XIII.)  with  the  npcast  shaft,  and  the  other  '24  are  outlet 
valves  opening  to  the  atmosphere. 

AiH  Pistons.— The  pistons  are  of  sheet  iron  in  the  fonn  of  a  convex 
lens,  with  a  central  boss  of  ciwt  iron,  hy  which  they  arc  secured  to  the 
piston  rods;  they  are  Bii{iiM>rted  by  small  wheels  travelling  un  rails  pinced 
within  the  cylinders:  the  periphery  of  the  pistons  is  of  wood,  and  the 
packing  formed  by  a  flexible  India-rubber  tube  cohered  with  leather;  this, 
judging  fnim  M.  Stcvart's  cxiwriuicntB,  wonid  appear,  when  in  good 
oondition,  to  pennit  very  little  re-entry. 

DiMKNHioNS  OF  Enoine. — Thc  engine  constBta  r.f  a  |mir  uf  horizontal 
steam  cyliuderB  which  act  directly  upon  the  air  pistons  without  crank  nr 
By-wheel;  they  are  l&j  inches  in  diameter  and  haveamaximum  stroke  of 
3 1'6  feet;  the  length  of  the  stroke  is  adjnstahic,  being  determined  by  the 
movement  of  the  steam  valves. 

The  steam  and  air  iiiston  rods  are  in  a  contunious  line  and  are  joined 
in  a  cross-hend,  S,  Plate  IjXfll.  t,rarelling  between  cylindrical  guides  Z, 
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at  either  end  of  which  are  placed  powerftil  bnffere  of  India-rabber,  T,  to 
resist  the  shocks  which  ai-e  liable  to  \ye  jiruduoed  it'  the  stroke  of  the 
engine  becomoa  cxcci»tve. 

The  Bteani  ig  ndmittcd  by  crown  valve*  fycy-,  which  are  lifted  by 
cams  D  D  keyed  «n  to  ishafta  vhich  hove  n  reciprocatinp  moTcmeDt 
commimicftted  to  them  by  &  ri>d  and  hwn  (not  shown  in  the  plate,  bat 
which  connect  thcin  with  the  spindlo  B'  and  the  cataract  E, 

The  action  of  the  single  cnjjine  may  Ijc  (hue  explained : — 

Benc&lh  each  guide  Z  k  placed  a  thaii  A  capable  of  tnrniDg  in 
bearings  aud  carrying  by  means  of  a  lever  on  one  side  a  cotmterpoiac  P  V, 
and  on  the  other  a  long  iTichned  lever  cam  (not  shown).  The  croM-h^ad 
S  is  provided  with  smuil  rollers  R  on  both  eides ;  one  of  these,  whilst 
the  ont  stroke  is  being  mmip,  travels  alimj;  the  levcr-t-am,  tnnis  the  shafl 
A,  and  raises  the  counterpoise  P';  when  this  reaches  a  ocrtAin  height  it 
is  secured  by  a  catch,  aud  is  retuiued  thun[;h  the  Txjller  passes  off  the 
cam,  and  it  is  the  fflll  of  this  counterpoiec  that  is  made  nse  of  at  tho  re* 
qnisite  momf^nt  in  move  tlie  valves  for  the  next  out  stroke. 

The  shall  A  is  connected  by  levoni  with  the  spindle  B  and  with  the 
valve  came  D  D. 

Snjijiosing  the  machine  to  be  in  the  position  shoira,  the  cunnter- 
poiae  P  mined,  the  coiinkT^jise  P'  just  fnllen,  and  the  unt  stroke  com- 
menced: the  roller  R  iirst  comca  in  contact  with  the  cam  lever  belonging 
to  the  oounk'qwise  P*,  and  travelling  along  it  gradually  raiiira  it  till  it 
is  secured  by  a  catch ;  then,  as  the  piston  approaches  the  end  of  the 
stroke,  the  miliar  strikes  the  catch,  and  releases  the  eounlvrpnise  P  which 
in  its  fall  turns  (lie  fi]iindtc  B  and  catiu:ai;i  B  tr*nn  right  tu  lefl,  and  (his 
movement  transmitted  to  the  valve  cams  I)  D  closes  the  admission  of  the 
8l«aro  on  (he  left  and  opens  the  exhanst  on  that  side,  then  closes  the  exliaiut 
on  the  right,  and  admits  the  steam  for  the  return  stroke,  daring  which  a 
dmiiur  oour«;  of  action  takes  place. 

Actios  ok  thb  two  Enginks  oombtskd  — In  this  manner  eacb  ma- 
chine may  Iw  worked  eiiigly  if  desired,  or  vue  driven  at  a  ditfcrent  speed 
from  tlic  other. 

TMien,  however,  the  two  arc  worked  together,  the  first  is  made  to  con- 
trol (bo  admission  of  the  steam  to  the  second  in  such  n  manner  that  it 
must  have  paascd  through  part  of  its  coone  before  the  second  oommcnces. 

The  action  is  then  as  fullows»— 

Suppose  the  piston  of  the  first  machine  moving  from  lefl  to  right, 
detaching  the  uitcb :  (he  counterpoise  P  in  falling  moves  the  valve 
cams  through  tivo-thirda  of  their  conrsc;  thiscunntcrputeo  is  then arresied 
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in  its  fall  hy  a  cafcch  or  <lctont  (not  aliown)  on  t-be  starting  lever  L,  which 
Hn;v«iiL8  it  fuUiug  tht  laat  tliird. 

Tlic  form  o{  the  valve  cams  and  their  setting  in  such  Lbal  iluriug 
the  first  third  they  cIobo  the  lulmission  on  the  Ipft,  during  tho  sectind  they 
close  the  exhmiat  ou  the  right  and  open  that  of  the  left,  iind  it  is  only 
diiriji^  thw  last  third  i.'f  their  movement  that  they  cause  the  adraiBsion  of 
thD  steam  on  (he  right,  aud  this  h»t  cannot  be  nimplc-led  until  the 
cunrikiiioisc  P  is  rtlfnufd  from  the  second  detent,  and  it  is  the  ^oond 
machine  that  ia  made  lo  du  this. 

In  connection  with  this  detent  nre  two  levers  uf  [icunliai'  constnicLion, 
fine  of  whifh  (L)  is  shown,  so  arrnngcd  that  when  the  second  maoliiiie  has 
pnaaed  through  two-thinU  of  its  back  atroke  the  roller  on  it«  cross-head 
strikcB  thiR  lever  and  releast-a  the  dt-tcnt;  the  coMiiter|ntiHO  P  of  the  first 
machine  then  falls  throngh  the  last  third  of  its  crmrae.  and  the  steam 
being  admitted,  the  maetiine  cummeueos  its  back  strokL-.  The  levere 
L  L  arc  made  irith  hinged  heads  bo  thut  the  rollei-s  can  ]Misi!  tlicm  in  one 
dirQ(':tion  without  efTeft;  whilst  in  theiither  thpy  wmw  tlii-m  to  release  the 
detent  of  the  opposite  nifichinc. 

DiAoaxHs. — The  diagrams  taken  ft"om  the  engine,  Plate  LXV.,  Pigs. 
1,  2,  and  3,  show  that  a  considerahle  amount  of  eushiuning  ia  rcgnired 
to  atop  the  piston  »t  the  end  of  the  stroke  before  rcTCrsing  the  motion. 


RESULTS  OF  THK  EXPERIMENTS. 

The  rcBults  obtained  by  the  ex|ieriracntB  are  placed  side  hy  side  for 
compftrison  in  the  following  Table : — 
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BAROMETER   AND   THERMOMETER    READINGS 

FOR    I8&0. 


Bz   TBI   SECBETABT. 


Tttese  rcttdings  have  been  obtained  from  the  obserrttCones  of  Kew  and 
GlaBgow,  and  will  give  a  very  fair  idea  of  the  variatiooa  of  temperature 
and  atmospheric  presaurc  in  the  intervening  country,  in  which  most  of 
the  mining'  operations  in  this  country  aro  carried  on. 

The  Kew  barometer  is  84  feet,  and  the  Glasgow  barometer  180  feet 
abovB  the  sea  level.  The  latter  readingH  have  been  reduced  to  82  feet 
above  the  eea  level,  by  the  addition  of  150  of  an  inch  to  each  reading, 
and  both  readings  ore  reduced  to  S3  degrees  Fahreaheik. 

The  fatal  accideotfl  have  been  obtained  from  the  Inapectora*  reports, 
and  are  printed  ^across  the  line^,  showing  the  yarioua  readings.  The 
name  of  the  colliery  at  which  the  cxploaion  took  place  is  given  firet,  then 
the  number  of  deaths,  followed  by  the  diatrict  in  which  it  happened. 

At  the  request  of  the  Council  the  eiact  readings  at  both  Kew  and 
Glasgow  have  been  pmhliBhed  in  figures, 
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aa 

aM4t 

aa-aa 

a»7«    aTTi 

m 

»'87B 

a»7m 

»«a 

ara    aa^ 

r 

arm 

aaai 

asa    aia 

ar 

H* 

a 

ana* 

»-SOB 

»aff 

»8ai 

Bi-a  1  4H 

an 

»«» 

xa«i 

artw    mm 

«n 

4M 

aa 

aa«» 

aa-oaa 

wnm 

arazi 

ai-«    aa-r 

aa 

»m 

a»m 

mtm.  mva» 

•i-v 

an 

I 


BAROKETBIl   XXD  THERJIOMETElt   READINOS, 
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BAROUETER     RBADINOB.     fcC. 
UABCH,  two. 


KiJW. 

QT.IimOV. 

BiriuKarid. 

Tem- 

rSILlTUHB, 

BiHoiirrBii. 

S 
1 

4  A.M. 

10J.H. 

4P.X, 

U>r.v. 

uium. 

Mini- 
uium. 

« 

tiJI. 

'WIJL 

4r.s. 

uir.M, 

Hatl- 

muiu. 

-" ■ 

luiim. 

1>'418 

30-ill 

»-374 

»■«« 

n-5 

37-0 

1 

ajTwi 

U/SI 

WTVd 

S8  7S0 

47-1 

34-S 

« 

W'4M 

Se-871 

»-au 

B-SOT 

Sl-1 

476 

a 

«-S71 

abvu 

t»aaD 

18-740 

CI- 1 

340 

3 

:»'Xi» 

K-33S 

U-STl 

»-«» 

h3» 

4A-8 

8 

SS-AK 

3VSM 

ana 

W«S 

444 

S»0 

4 

8BU7 

s>-sa3 

flt-eut 

»-»w 

U4 

4dO 

4 

19*293 

»'M8 

K»-SM 

wm* 

4?1 

S7S 

a 

»IP71 

93-034 

3IJ-0W 

so'isa 

517 

£4  0 

£ 

S0-«M 

3»SS7 

w-aia 

»-r47 

M'» 

a»> 

8 

SJIM 

Jii>-iai 

SJUtW 

juirA 

Ul 

4<i-0 

« 

SrTlia 

2*744 

I9-W1 

i!>g» 

813 

4«-|l 

7 

X8-IW 

aj-usi 

3JIW) 

aus?^ 

53  0 

44.4 

7 

SH-TT* 

3a'<>llt 

ao-iM 

so-dui 

M'« 

^8'S 

8 

3ua7J 

3U-474 

3J4U 

J(i4t4 

4ft  I 

4.)r 

8 

a):tii 

3i>-4<U 

Ua4j3 

KitCO 

fiSl 

S30 

e 

aij-ax) 

au-£u 

3II1M 

au-iKi 

»-l       41H 

u 

3j-:i£t 

3tl-^ 

'MUJ 

SJLtf 

UV 

30-S 

10 

3U-U1I1 

aiii.!7 

.-^I'  Ifjll 

;iti'.:M 

saw    3(rii 

W 

»U<J».I 

3i>l.1.i 

3o'i3e 

»«.:iu 

*S7 

Ul 

11 

3U-JUJ 

3J-a7U 

SDIkU 

•M-UH 

&4'4  1    3J'9 

11 

3ijsa< 

ao-ix 

IKl'SlU 

w-JJl 

4B-» 

»1 

IS 

3j-j;<i 

Jirdiu 

MSti 

3UMS 

UO     «ir8 

IK 

siatu 

3<ra»7 

30  1SS 

»>il» 

4:t-3 

3*1 

13 

3J-;kM 

:a-&a 

iMAU 

SUZll 

6:i      38  7 

LJ 

Sl^Ul 

wi-iajl 

MAa 

aoiia 

Wi 

IW-l 

l« 

»J-J<U 

3U'4U 

M'»Jt 

»'*« 

4(12  ,    .17'4 

14 

3V3JJ 

3v,»I 

ao-3M 

31X170 

470 

Sd-a 

U 

au-£w 

IRI^HU 

sj-iai 

ao'i?^ 

411 «      Wi 

13 

aiJ7i 

•Mau 

aiiia 

30  9« 

44-9 

»l'4 

M 

ao-iiM 

avOTd 

SU'iIU 

w-utf 

47  u 

3^7 

14 

3i»l!rj 

30- Ul 

30'U?U 

»»<Mt 

«l-« 

31-3 

17 

u-ou 

WlUS 

:ii>iii 

3k)lWI 

4Ui 

3etA 

17 

IMJAJI 

noud 

s>tai 

aoiu 

S(^» 

3)& 

U 

30-H8 

30-3111 

W9» 

w»» 

.110 

WD 

m 

m»s» 

»rJ3l 

W317 

WJH 

ni-i 

aa-» 

IS 

aa-Mi 

aa*3M 

au^OT 

a>3ii 

!t%lt 

tlTO 

ID 

A)  365 

aii-^n 

»'340 

3»dS3 

AlS 

3u-a 

»s 

scp-wr 

SU-M7 

3(M1I 

30  Ml 

4711 

53-U 

jj 

30' £W 

3l'iUU 

90' »V 

W'ii; 

4Ti 

819 

« 

ao-ma 

M->» 

iua.7 

3uas7 

»<'i  ,  3&'»  1 

n 

It't  !>» 

J<|J15 

ao'Ms 

tiitio 

4N!> 

H4-U 

u 

ju-aw 

SVUfi 

30-W7 

3U-U) 

4a'l   1   5S-l>| 

a 

W*f7 

%i'Ji» 

»J'3&t> 

9t»» 

4«« 

51-1 

IB 

waus 

at-sia 

auais 

su-sa 

460 

S3& 

it 

*)  J)t 

3J-J3i 

30  iM 

3»UI 

43d 

33-8 

M 

3Q-SV 

SQ'IW 

WIM 

trim 

Sf'l 

331 

n 

S'J'.tJD 

31-334 

9s>-ao 

lO-ftU 

4«'J 

31 -a 

SB 

U-U4 

aj«M 

w-ou 

so-oaa 

IWlI 

sar 

:is 

3i>-i;7 

3j  IfJ 

30-071 

3»U1 

4A'9 

34  1 

JS 

30-IJW 

w-ajs 

i»-W3 

SDiM7 

wa 

W-0 

ai 

SJ'Ull 

90147 

30' lU 

30174 

4a'U 

3i0 

V 

SDiSOl 

MU3 

»-109 

SD-W 

^T-fl     SI7I 

» 

30- m 

90JU3 

90- ISO 

30  ITS 

4>I 

34  d 

m 

aa-177 

U'lM 

90-lM 

so-ix 

47-0 

9IM 

38 

»>ii4 

qpiii 

SiMIS 

ta-i^ 

mh 

K>'S> 

M 

SOUH 

3t)'(M8 

ariW 

U-B4B 

GTO 

«7 

» 

ea-iHu 

s»-in7 

ay->u 

af9» 

but 

40  3 

H 

tt-sai 

ib-m 

S»-t$B 

*e«a 

VI 

37a 

» 

Mwa 

SSMI 

se-TM 

;:9S71 

M3 

41-0 

a 

W«8 

W«H 

2B-40e 

M-ua 

x» 

S»    M 

1U-U3 

W171 

w-iu 

3»-SKi 

917 

40-a 

AFBIL,  1880. 


U 


BII-8M 
»«a7 

»-»SB 
tt-774 
VMM 
SBTn 

ao-ou 

Sl)-»17 
»'BSQ 
8&'14» 

»-U« 


op-wa 

29-807 

o-ni 

53-a 

SUM) 

TB-4M 

UI-483 

aa 

ttl-Ml 

29-fi39 

ssi-Gse 

Sift) 

»"ta 

s-inw 

SP-4M 

us 

■P-M* 

»-3M 

HI-8J!I 

M-a 

38-374 

a-»7 

3«-3;i 

M-H 

n-soi 

»-M> 

aa-aaa 

ws 

VWI 

a-s8i 

aoiiso 

«3-» 

8D-S19 

90-SU 

so-m 

4r7 

su-itn 

»-o» 

»m 

4»8 

ai-oao 

w-aas 

SP-ooi 

47'« 

tt-ao? 

9i'«l8 

wa84 

40-L 

n-sao 

SB-ftie 

arm 

M-7 

wtn 

s-n-t 

■ran 

4r4 

»ta 

saaur 

aa^i? 

41>-t 

»Mt 

»1M 

saws 

S6-V 

iD-aao 

SSTM 

arao* 

015 

ID-ODa 

a-sBfi 

»-ew 

W8 

la-eii 

»«■> 

S8-8D0 

wa 

KI-B3S 

SS-873 

»-i«7 

K» 

90iUa 

M-ass 

sa-ais 

M« 

B-soa 

SMia 

mijoa 

W» 

lo-ou 

aaim 

3i>-0M 

fl»a 

8IK)8t 

a-su 

»-Ml 

«KI 

M-Ma 

as-m 

sa-s«i 

syi 

EB-OH 

acraca 

ao-ias 

jn 

9D-M 

KPUO 

80-U7 

Jfl-i 

WMM 

aO-ODB 

sotea 

4^5 

so-aii 

ao-9» 

siyam 

a-v 

30-4M 

ao-spT 

ao'«»4 

55'fi 

u-c 

*0'I| 
4U-1 
•U-0 
4U-& 
30-3 
3U1) 
347 
40-1} 
3W'3 
37-7 

sms 

44-d 
3»-|) 
»-S 
3S1I 
WI 

so-s 
4an> 

48-8 
«)-8 
40-0 
43-7 
«i-0 
3t)-0 
»-B 
41-0 

ae-a 
aa-8 


1 

so-aas 

a 

£»aM 

.1 

av'Xii 

4 

av'iJd 

A 

eruu 

A 

BlttH 

7 

ai-ui 

a 

s»«a4 

» 

90  3H 

w 

3U-XM 

11 

»D014 

u 

3U-UU 

lU 

wmti 

Ik 

■ai-to 

la 

■xvis 

IS 

■atw 

17 

39  MS 

18 

SB-cm 

1» 

atn 

W 

wtvs 

u 

tnu 

91 

a9-m 

XI 

aa-m 

M 

W7KS 

3S 

tf-ssa 

M 

wiaa 

W 

80'VW 

M 

so-tae 

sa 

so'Sio 

30 

80-410 

9&-3Pi 
»'1M 
W-itl3 
:csOM 
Sv-lia 

»'0M 

wm 
mum 
uavm 

30-3(0 

an-am 
30-uia 

1!0-D4t 

IS'TU 
30  808 

au'OTa 

80-07 
tKU 
8»«7B 

»6ao 
aa-MS 

mtm 

S»«B 

2*706 

aMi7 
amas 
90-ai 

90-41* 
80-403 


stin 

so-sa 

atiit 

20-244 

ana 

au-iai 

aO'Oaa 

S9  0U 

aim 

0-OU 

39-109 

es'UO 

»^l 

iS-7ii 

JO'123 

30-.'74 

aO'Sfi 

30-37S 

3U<»» 

30-l«d 

»-W7 

30  021 

ae«M 

ae-eai 

KVB 

ei-nt 

a>-73i 

>0-7»l 

s-im 

io-7TS 

1I0-437 

ae-aor 

19-Ud 

aoirro 

la-ui 

au-sto 

B-XV 

Bifiia 

WCU7 

tt<;ui 

»3tR! 

2!)Jd.l 

»-m/ 

V7U 

»m 

B«38 

»7«l 

a)'7» 

SO-OOl 

30-000 

3D'ial 

ao-iso 

»y^6 

30-310 

XftJi 

aDi&4 

ao-4H 

S0  4«l 

aasw 

ao-zra 

so-s 

SO-3 
StV 
U-0 
4»-S 
»-a 

40-1 

Wl 

5U-0 
tttiit 
&1-U 
4S-7 
47*4 

aa-a 

4PU 
30-1 

u-s 

*i-o 
«■» 

wu 
fii-o 

S3-0 

us 

»■» 

Sfi-11 
67  ■« 


2ee 


B&UOH£TBU  AND  TUEIU(OU£T££   BBiDIXGS. 


BAROUETER    READINGS,    fco. 
MAT,  1960. 


KEW. 

(^.UQOW. 

1 

Bakoxhsk. 

Tnm. 

lUjwKwam. 

Tn- 

i 

4X.X. 

10A.K. 

ir.x. 

10  P.K. 

lUUDIf  llJUfU. 

\ 

1 

4A.X. 

10  JL.K. 

4r.». 

10  r.>. 

lUst- 

■aiun. 

■inm. 

1 

wan 

30-317 

»IHH1 

atfiiu 

Mif      3»» 

ao-iM 

30- U9 

aB«i 

a»«ai 

SSI 

4l« 

a 

«)-W3 

SS'HfiS 

WTS7 

i»nv 

OH 

na 

a 

»'7>M 

tt«tS 

aa-Bia 

a»«» 

u-> 

«!■« 

8 

flr;v7 

aa-aes 

9B-aS8 

a»-7u 

SS'O 

»-D 

3 

IB7»1 

aMU 

s-eM 

W9m 

4i't 

aa-s 

4 

»7I7 

arm 

»■«» 

afrinn 

u-o 

u-i 

4 

ae^M 

3D-US 

.aoiM 

aavf 

aa-« 

asit 

fi 

S-VTT 

WOli 

»'«» 

idwt; 

Wl 

U-B 

B 

»-07S 

ao^aa 

ao-ott 

aoiMJ 

<»a 

l7-« 

fi 

m-vn 

»-«» 

arew 

a»4t7 

87-7 

-u-i 

It 

ao-MO 

a»*a 

aoim 

ao-tn 

a»i 

108 

? 

30-OH 

so- 103 

ao^m 

SHM 

fiffl 

«D-0 

7 

ao-iu 

KhUS 

vnm 

a(HM 

u-i 

lU'B 

6 

wou 

»-li>4 

aoiw 

ao«ii 

M-0 

3V4 

8 

BO-OM 

»v» 

av-iia 

ao-aaa 

•n 

»1 

f 

SO-834 

so-m 

ao-ai 

aaw 

U3 

aT-i 

a 

aa-818 

aoaat 

ao«a 

ao-aii 

arr 

aB7 

U 

3D- 114 

acKvr 

SD-ocn 

arsTo 

wa 

aB-7 

to 

so-ia? 

»'1W 

aMH 

80-taa 

ta-a 

«4-» 

11 

n-MO 

t>-wr 

tt-879 

sB-n? 

«I7-B 

tf« 

11 

30  111 

afrioi 

aa-aaa 

ao-ut 

u* 

41 -a 

IS 

10-M3 

IO-07V 

WiM 

aniMi 

WO 

4S« 

u 

30-lM 

ao-im 

ao-us 

ao«a 

&ro 

»* 

IS 

M-eer 

»-iii 

ao-07» 

ao-iw 

M-S 

42-3 

13 

301U1 

tM» 

a»«ift 

ao-an 

»« 

4»* 

li 

afioi 

90-G9S 

ao'tm 

30-oa 

n-0 

M-0 

li 

WS«7 

BMtO 

a»SH 

aD«a 

■»T 

U-1 

lb 

vxm 

30-OCl 

aa-wa 

90-101 

710 

*M 

lA 

30-an 

aMM 

aa^aa 

anat 

»-i 

411 

1« 

Vrtm 

ao-iM 

ao-on 

ao-ua 

«3-7 

U'0 

1« 

ao-ars 

wtn 

M-MB 

ntn 

«« 

in 

17 

M-Ui 

SD-MS 

80-UI 

ac-2tt 

M-O 

43-1 

17 

80-170 

VttlO 

ae-tto 
anot 

tMttt 

mt 

m* 

18 

ao-SL0 

a»'M 

ao-au 

•01U 

U-3 

aa-a 

la 

aras 

Ktrt 

a»-iaa 

o-a 

SI 

19 

30  3M 

aa-2a> 

ao-oTO 

aO-CTi 

»n 

as* 

19 

ao-ui 

aM» 

aoiM 

1>-1U 

«M 

» 

30-111 

ao-i«) 

ao-iK 

ao-aa) 

m-\ 

40-1 

a> 

ao-ua 

»171 

ap-ia? 

tMM 

»? 

»• 

tl 

u-sa 

ao-uB 

aiHw 

aonH 

T.1-5 

48-» 

u 

ao-l:!! 

»M» 

SiHMd 

»-»ta 

aa^ 

1*-S 

n 

1B«NI 

atHO 

aa-TO 

aa-BH 

«l-7 

49-* 

sa 

aa-OB 

»iat 

a»4u 

a>7ai 

tSit 

«•-« 

M 

a»-«Dir 

a>«ie 

tt-MB 

90-Ma 

«-5 

4lt4 

2S 

l*'M4 

a*  Sal 

a»-tti 

aa-aar 

tas) 

M-» 

M 

M'U? 

ai-Ms 

arau 

araav 

Sl-d 

ate 

» 

aa-318 

»ut 

ar«ii 

B»711 

M-B 

«l« 

aft 

VKW 

airtm 

a»«w 

t»'««a 

?ja 

510 

Si 

a»-7» 

aam 

»«d 

a»TW 

ar* 

447 

19 

iBiO? 

as-aas 

»«>i 

SB'SII 

HI'Cl 

v^-i 

au 

»sm 

aa-uo 

aa-as 

aaTie 

■>■• 

4r« 

» 

ar«H 

1^707 

a»«« 

ao-ou 

«a7 

we 

27'  »T« 

i»7M 

»'7«1 

a»-M7 

ara 

4S7 

IB 

3M8I 

90- IM 

aO'W 

ao-MK 

«f« 

MO 

a<    w«4 

SVIM 

90  W7 

afriM 

M-a 

4n 

« 

»-ai 

ao-uu 

acfiia 

S>-4U9 

tt-S 

ma 

£p    aviEi 

av-sjo 

ao-aui 

a»27B 

ir4 

ara 

•0 

S0  3T7 

»>3t6 

90- »» 

M  IW 

ffi'D 

9»4 

30    ao-u* 

a»OM 

aa-ano 

a»«« 

sa« 

470 

n 

av-mi 

39' lU 

avo?! 

ao-tfTS 

saa  1  M'& 

u     »<■ 

aiMBi 

aonaa 

S»1U  1  U7  1  417 

JCKK 

.  uoo. 

1 

ao-073 

aO'U* 

aO-D74 

ao-ou 

m^ 

4a-a 

anu 

amri  i  ao-aw 

a»«B 

»oi  41-a 

X 

a(HiiB 

ao-oio 

S>M* 

S»-H<S 

ao 

SftB 

ao-an 

ao^a; ,  80«4 

araa 

M-*      411 

a 

s-sw 

»an 

aiMB 

»wa 

U7 

4»« 

3 

ao-uti 

aoHW  1  BB-aaa 

ao-Du 

71-U      4C3 

4 

ftrBOa 

»m* 

SB-000 

»m 

MS 

4*3 

4 

ao-oas 

tmn    aa-BM 

irisa 

»7*  ,  4»7 

ft 

waaB 

mu 

BB-BSl 

BB-tn 

»h 

a7-4 

»aai 

»«r7    aa-eia 

BTTTS 

ati 

4r« 

« 

l»«B 

M-ffl 

aa-tt) 

ao-aos 

«si 

SO-8 

M-tTS 

VMS     ap-IH7 

SBMD 

w« 

4r* 

7 

»7» 

aa-« 

av6<7 

aB-Tsa 

a4-a 

48-8 

aB-480 

la-^u  1  aa  444 

S-5X1 

m 

4r» 

a 

ao^m 

aai>u 

la-aw 

BB'TaO 

•0-1 

*»t 

aa-aai 

BB-aaa  1  arsat 

ama 

Mr* 

4*« 

t 

a-na 

SBTBl 

aa-TU 

a»77T 

»« 

4*0 

»«» 

aB«48  1  aa«a 

trsH 

W7 

S4 

10 

aB77> 

»«3 

aa-TW 

8»^«» 

«-3 

U-* 

10 

BBTSl 

mn   wm 

SBIS 

•M 

s» 

11 

aasBB 

aa-asa 

»aBB 

i»«ai 

«M 

474 

U 

aa«» 

»«M      1B«7 

araoi 

ari 

u 

»'«40 

ann 

IB-MB 

maa 

70-1 

41-1 

la 

aa-MO 

BB^ia    aa-sH 

u-aaB 

•B-I 

44>4 

13 

aaaaa 

»-SM 

»ain 

aiHoo 

TfrS 

4S-t 

u 

la-MS 

»«4B     IMBB 

aaaaa 

»1 

4ri 

12 

8Mm 

ao-QU 

aiMM 

»9n 

70* 

M-8 

14 

aa-aaa 

ao«a>    turn 

■•IM 

•ri 

4M 

aanai 

aa-ear 

a»«B 

M«    ias 

» 

ao-aoa 

ao4M    ao-in 

arag 

a>« 

ar« 

i« 

a>«84 

»m* 

arau 

ana4 

ei'O  '  BJ'O 

M 

so-iaa 

aD«B    aam 

TTf 

B*1> 

17 

aoi<i7 

ao-ioa 

ao^MO 

ao-ooa 

o«  j  us 

17 

aovB 

aMis    ao-aaa 

arm 

a»& 

d-t 

U 

MMHi 

aa-aaa 

ID-MB 

i»ati 

:ifl  1  MO 

u 

SBtU 

aM«B   m*m 

aa-aaa 

»3 '  4ra  1 

U 

aoTU 

n-aas 

tMU 

BfrW 

70  r  I  M-S 

1* 

IBTK 

aaTTB   fr«7« 

araao 

m* 

Bl-» 

to 

arsB? 

aa-aaa 

atn 

iMia 

atrs  1  &7'4 

B> 

aB-BH 

»m    »sia 

»-aao 

ara 

tr« 

BL 

iB-aaa 

IB«B 

»«a 

a»«» 

7*i     B.H> 

n 

aa-au 

a»4U    a*-au 

t$tm 

»4 

ar« 

n 

••aiT 

BhTOa 

a>7sr 

a»7s; 

srA    u-< 

aa 

iB-ara 

»7M    aa«i 

BTTW 

n» 

a>« 

sa 

1»717 

IB-Taa 

»mb 

a»7oa 

«r  1    ii-t 

aa 

aa-BM 

1B-4TS 

aMn 

aa«« 

»4« 

u-a 

84 

ar«N 

aanr 

»7U 

8B791 

70-1      SX8 

at 

aB-BBI 

1B-8B1 

ar«r 

BBTaa 

m* 

»« 

H 

IBTPl 

aa-BOB 

lB74a 

i»na 

7t« 

ua 

u 

aa-7aB 

aa-Ns 

a-Tio 

»fi0 

m* 

4ra 

la 

a»TH7 

aB«i 

iB«n 

»«B7 

«»7 

•n 

m 

au-748 

aa«M    artel 

IB-B4D 

W8 

«« 

w 

ao-UB 

ao-u» 

ao-w 

SMH 

IM 

iri 

ft 

aaiaa 

la-Mt  1  araia 

araot 

n*    ara  1 

■ 

sa-i7« 

ao-taa 

ao-ui 

air  161 

ns 

»i 

m 

HS17 

»»4   tran 

aa-aaa 

•!■• 

art 

•a 

amcff 

KMHS 

■aw 

iB-aaa 

7&<     B7» 

» 

BBaos 

SB^T*    ama 

3^ 

ar« 

BM 

» 

»«u 

■Bin 

iB-aw 

••* 

7as  1  u-a 

a> 

aa-aoB 

tB^STT  ,  »-8t« 

BM 

BAIiOUETEB,  AND   TKEKUOHET&R   BBADIKQH.                            3^7            ^^H 

BABOMETER      READINGS,     tic.                                           ^^H 

JULT,  IS80. 

^U 

KEW. 

oijisaow. 

1 

BjiM>xbtbk. 

TXK- 

BjUtOMBTBJC 

Tbx- 

1 

*i..H. 

10  A-X. 

ir^. 

1*'--  J 

Caii<  litliil> 
bum.  uuB 

4A.K. 

10  A^. 

*v.m. 

lDr.M. 

[uunk-  twntt. 

■JHOM 

a»'U6n 

aan 

e97i& 

BT-O 

iii-n 

I 

ia-514 

3B-S33 

is-SiO 

9e-»s 

iKtO 

ao-a. 

a 

■mrj-i 

JW-TTJ 

ai-7S8 

Ki7ta 

ft4& 

&1-U 

2 

ll9-&3t 

»-ai7 

»«* 

S0-m 

M-9 

40'7 

^H 

i 

i»7ul 

UMd 

«B-S31 

SfidSO 

WO 

wo 

> 

m-4«i 

3B-SM 

9B-Ha 

K-773 

«i-i 

M-B 

^H 

i 

m7U 

IB-196 

lU'UM 

Wl-llll 

V&l 

M-a 

1 

BB-B8S 

aD-B7& 

so-ooa 

so-ou 

ssra 

4G-B 

^H 

b 

win 

W'lM 

KPltH 

311-ICMl 

700 

4l)~» 

5 

w-urn 

so-ots 

V-M7 

m-no 

ma 

Ml 

^H 

6 

tKM)S; 

ao'UiK 

ta-oa 

U-UM 

Wl 

&J-4 

e 

EB'Blu 

JB-B17 

IB'BM 

»'BIB 

se-i 

u-v 

^H 

J 

W78U 

Ut'USU 

W-OM 

»-81S 

«-o 

U-D 

7 

M'MB 

iB-aoe 

■B-410 

snxr 

tar 

61-1 

^H 

e 

I»-1>7B 

ttS'«19 

ai-itu 

38-1177 

OS'I 

BIB 

S 

srsBi 

26-S8S 

SB-sea 

fi-tBO 

ei-B 

«)'» 

^H 

V 

mmn 

wl•7-l^ 

»!--*« 

]tM7l»t 

W5 

S3V 

9 

3»ti»S 

a-S78 

■B-SBI 

9B-»W 

6M-0 

47* 

^H 

10 

S»7V& 

»«sa 

2Sln7B 

i»wa 

8B-I 

SU& 

10 

iV'SdJ 

■MTM 

BV-TH 

iB-au 

W3 

fiO'l 

^H 

u 

94HS> 

W(i7» 

■fU'UOl^ 

SU'lgj 

BU-U 

S3« 

11 

WSCiS 

mvu 

»9sa 

WIW? 

SI'S 

4ra 

^H 

u 

MIOS 

3»I37 

311  lU 

aouG 

l»i! 

Sft'O 

■a 

OuiluU 

ao'oai 

a«oe 

90-OBO 

SB'O 

4&3 

^H 

u 

9U'L.3 

XrU4 

IW'WS 

3UWS 

07-1 

W-5 

u 

mi-iini 

aU'lSS 

3D-U4 

ao^i&s 

SS-8 

era 

^^1 

14 

30-07* 

MlUU 

3»l>« 

S19-WB 

7111 

S5J 

14 

airlM 

sirlM 

90' UB 

ao-iAi 

03-3 

fi4B 

^^1 

U 

wtan 

Sfma 

SP-lUl 

3VU1I) 

76e 

6T'U 

15 

aj'iiu 

3U-INKI 

30-003 

HKM 

W-1 

AU'l 

^H 

1« 

30-OlA 

3U-ltH 

3IXXW 

iiOUJl 

7-trt 

B4'8 

Itf 

sriJtti 

StriU 

MHffT 

9»M1 

«-l 

MS 

^H 

17 

ao-ou 

3J-V1V 

»'IHI 

ffl-lWl 

73  W 

C7'4 

17 

att-u-jo 

SB  lift 

BB-tlTS 

aa-BW 

wa 

fil'B 

^H 

U 

>»■«• 

xt-iwo 

auMO 

MWU 

W5 

WS 

IM 

2»-7W 

S»7«i 

a»7B7 

S»-7«7 

OO'U 

&sa 

^H 

U 

tt-MO 

aiM» 

3e»'wci 

W-OIO 

71'i 

iro 

JU 

:{e'Ttw 

:±)t>i<> 

»a-t97» 

9BUU 

es4 

63-0 

^^1 

90 

SO-Mtt 

3>}-oa« 

au-ow 

so-ws 

7i4 

M» 

at 

^'1<S1 

WU)5 

WCllH 

90-036 

twa 

SO  7 

^H 

XI 

Kl-Otf 

1U-(M& 

u-ww 

wsn 

73't 

Ml 

21 

ai-t>u 

»<'i>t3    ao-ous 

30-010 

6i7 

47-4 

^H 

» 

tt-KH 

tt-sn 

a-BW 

SB-RM 

Twtt 

WJ 

■<;/ 

asi-ww 

■fij-W^      aB-B17 

tD-B2t 

1-74 

U-3 

^H 

13 

eu-iiTa 

tt-ssr 

tt-M? 

airws 

73  li 

M'J 

:£! 

AI'HtJV 

aUBTO 

ap-Hir 

M-7W 

oa-3 

UM 

^^M 

SI 

Wt«d 

M-MI 

M-«U 

SB-Mi 

Til 

W5 

u 

w-jw 

taiit 

SB-W7 

ac704 

ilfl7 

US 

^^M 

IS 

iB-ioa 

ae-tM 

BS'sa 

atB-ai7 

TJ'S 

M-S 

SG 

Sd-BIA 

ffi-ffli 

S9-7as 

fll-TW 

Toa 

U-8 

^^1 

w 

S»M6 

ig-us 

W49a 

n-si£ 

n* 

SJ-0 

») 

flWHW 

BB-ani 

»-M8 

fti-wr 

03-9 

63-0 

^^M 

EJ 

^'MJ 

iB^iS 

SI-7H 

9»«M 

7i-a 

SU'O 

27 

a)8B7 

is-sis 

S0SJ7 

eo-iwa 

ft&l 

6a-s 

^^M 

3tl 

'A7IU 

2i-7H 

bbmM 

tt-MI 

«?■! 

IJ!-(J 

0^ 

iW-iau 

SI-BBl 

IB-30a 

BB-iWH 

03-9 

Ba-f 

^^B 

XU 

aiMS 

2ii-4ike 

t»-5dB 

»-tm 

«('9 

5H6 

» 

ijuau 

IV'lMlt 

■JB-wn 

SS-4SH 

«l-d 

40-1 

^^1 

3U 

wats 

■i)  :.-j&    •HfOt 

»«aT 

97-5 

5l» 

3U 

Sft'4aj 

ia'44» 

20  4M 

IB-KtH 

01-5 

•a-7 

^^1 

SI 

Xttjli 

2it'3U)     :fti743 

»TD 

W7 

we 

31      »iS» 

SB-671 

»'&M 

a»-w« 

«3-0 

47-0 

H 

ADOtrST,  1S80. 

I 

I 

W817 

saiS9 

an'soe 

S9-U9 

4B-0 

»i 

I 

£»-&tf  j   SB'M7 

SU-MS 

se-B«7 

03-3 

44-0 

H 

» 

BB'SM 

29-a» 

saeco 

SB-TtS 

«-u 

DO-7 

a 

SB-U5  .   2e'«aG 

2S'«16 

so-fioa 

83-n 

48-0 

^^1 

8 

tt-OU 

arwJ 

sttn? 

1»-«13 

Tl'-S 

«;-B 

3 

»-7a3     SB-TW 

BB-779 

SD-TM 

«-S 

4«'B 

^H 

4 

B-BM 

U-H» 

Stinw 

le-aTB 

Tl-0 

G?S 

4 

O-Oes      £B'll8S 

SB-<tU 

2S-«81 

ao-B 

»-o 

^^1 

B 

Sf-BM 

lB«t4 

»-7Bl. 

»7sr 

78'IJ 

590 

i 

S»'M>3      39-$3B 

ieB-4B7 

arvr 

«s 

57-7 

^H 

6 

2S-«SS 

»aa 

»-&u 

SS-STS 

an 

67-0 

a 

£B-347      aB4a7 

99-405 

1B-48S 

«-8 

U-4 

^^H 

7 

tH-giM 

vt-mt 

vaei 

»-a» 

ts-o 

SI -8 

7 

v-Ms  1  u-m 

8B-SU 

aB-SH 

«i-7 

Kr« 

^^^^^1 

a 

n'4M 

IB-BOI 

»-ni )  as'Sii 

07-! 

B34 

« 

»-aea 

98^40 

9B-IM8 

B-?01 

«ve 

H7 

^^^^^H 

B 

9««0 

B-aai 

acnua 

3D-1«I 

73-3 

so-s 

a 

SB'TSa 

»«D 

88«8 

IB«> 

m-o 

eo-o 

^^^^^1 

M 

30228  I  M-277 

so-ast 

30-US 

78-it 

SOB 

10 

ao-ofis 

aO'l«D 

90-179 

9a-iiM 

7J-3 

HE'S 

^^^^H 

11 

au-i.B  1  30-iaa 

ao-ias 

ao'iM 

78-8 

U'3 

u 

Bo-au 

su-an 

aD«« 

90-X7U 

T4-8 

tai 

^^1 

12 

ao'iM 

tu-iau 

3U-131 

301£S 

73-" 

678 

13 

30-371 

SO-MB 

»-«« 

30-S9B 

7^8 

68« 

^H 

18 

B(l-lttl 

30-Wl 

aj'Ci? 

30-l«3 

7t-a 

&11-7 

13 

30-S3B 

aO-S33 

»'9as 

3U'2B1 

71-7 

43-3 

^^1 

14 

accOTo 

S0IJ75 

SiJ'IWi  '    Si'UTU 

71  ■» 

M4 

14 

ao-iH 

ao'iigs 

ao-ioi 

3U  144 

76-4 

M3 

^^1 

U 

UKHB 

aoimj 

3U'U1,1      aU-UTS 

011-4 

■IBO 

IS 

SO-ltt 

ao-iae 

90-119 

:«i-i;io 

ti3-2 

44  0 

^^M 

U 

»a» 

Mitaj 

wv!»     aooan 

as-5 

87  0 

10 

3f>-123 

30-lM 

SO'IU 

3U-HW 

41-^ 

56  0 

^^M 

17 

W-UU 

%-Wi 

Mi>u    ao-iu 

7iltl 

SBl 

17 

3u  IU9 

a  £41 

ai\-^i 

»>:;«.i 

in-3 

6S-1 

^H 

M 

acfiu 

ao'iig 

»j'U7S      dO'DTB 

97"0  '   M  W 

IH 

autsi 

w-as 

3t)  !!« 

BU-ltO 

ai'i 

M-« 

^^M 

!» 

WOBH 

ao-oia 

auiNB     Whm 

72-8    seo 

19 

w-utt 

aoimB 

WI-048 

ao-MO 

04-0 

53-8 

^^M 

U 

(a-B»i 

avou 

sui«a    M-ow 

ars 

eu-s 

90 

SCNMI 

30-003 

sous 

SD-JOB 

IM-V 

64-0 

^^M 

SL 

so-on 

ao-ooi 

au-oM    ao'CM 

7j-a 

SB-O 

n 

»-ias 

ao'iu 

se-134 

3D'1«l 

717 

4B-3 

^^M 

13 

M-D3]      aOTti 

WtXM      30'UU 

aB-8 

567 

■£i 

an  110     3(1-111 

30  106 

K'lU 

67-3 

643 

^^M 

fill 

au'ciT 

SO-WD 

ES'MU  1  BD-nu 

W-ii 

fa» 

■i3 

»H»u :,  au-i.«T 

niivn 

J0115 

ABO 

se-4 

^H 

31 

SOulU 

W(I«3 

»'M0     3u-n« 

w-s 

64-1 

tt 

suiia 

3U-113 

Su-VTV 

3U-W*7 

61-0 

66-0 

^H 

1» 

aoa73 

2BOT7 

iS'KiO  '  !B«« 

e^'e 

oJO 

es 

an-016 

ao-Mo 

H0II83 

£S'i<7S 

Ou-li 

M'4 

^H 

sa 

»i»(i 

ai'tfn 

W«T7     sa-Hi 

71-0 

tbH 

■M 

SB-B&B 

9Bi»a 

SB'BW 

artm 

01 -e 

63-9 

^^1 

27 

Man? 

SO'iAll   '   »)'1U 

noisa 

MB 

aoi 

tr 

W-ulS 

30-109 

301  il 

90'IW 

SH-3 

»;• 

^H 

» 

au-isi 

xO'Uqi 

K'llti 

ao'ian 

77  B 

8U'£ 

9H 

30-23!l 

au'su 

SD-1V7 

90'sae 

7a-a 

50-9 

^H 

s» 

SD-OTS 

»'03t 

9'M3 

SB-i>*l 

718 

683 

SB 

so-soa 

30-177 

30  H» 

8UW4 

SB-V 

M-ft 

^H 

30 

SB-KU 

SB-Kfi 

SB-MS 

aa-Bte 

«'l 

£6  0 

a) 

sa-04 

ao-ins 

n-MB 

»'0M 

74-1 

U'8 

^^M 

a 

SS'Kl 

M'OZi  1  Xim  '  ikf'iae 

73  tl 

M'8 

31 

so-oa  '  soxpu 

k£»t7 

iBMa 

73-4 

U-0 

H 

« 

^^^^^1           S9B                           ilAKOMETKU   &XU  TUBRUOUiTrBH  UUADINGII.                         ^^^| 

^^^^H                                          BA&OUETER                                                                      ^^H 

SEPTEMBER.  tS»>.                                                              ^^ 

■ 

^^M 

KSW. 

aumow. 

XUBavBTBa- 

Tn- 

'■■iTvaii. 

EkKMnrraK. 

!_ 

Ijl-k. 

lOA.K. 

4r.K. 

lOV.K. 

Vari- 

MUIB. 

Mild 
mom 

1 

1 

tt,.n. 

VtHM. 

Br.E. 

Vt  T.tt. 

Mali-  Hial- 

lUUIU.    (BOM. 

t 

w-in 

M  i»      Si  2(1 

VHM 

Tlo 

51-9 

»f» 

B-KQ 

»-oa3 '  SB  ira 

at-B 

M4 

t 

%|-9IA 

SJMlf?      W»S 

9UXQ 

J7* 

US 

t 

auui 

MBS 

a^^lM  1  B'119 

aB7 

4t« 

s 

JU-M& 

ao-SA 

»'U» 

au'lB 

»I3 

H-1 

3 

BU-LM 

aw'tii 

9a«7a  ,  aftiM7 

71* 

M'7 

i 

K-<W 

B-m 

B«« 

B-aei 

811) 

M-a 

4 

B-BiB 

BflS 

B-ns  1  »7M 

774 

&31 

s 

VWl 

»-ueo 

»j^)M 

JkrOM 

7-11 

BS-U 

B 

B-7mi 

BPBU 

B-«U    BUta 

wr 

*>« 

^^^^^M 

8 

3U-UI 

B'Ut 

UWB 

w-wt 

71i» 

BJ-7 

S 

B-aj4 

3>^«U 

B7B 

BW7 

u-a 

SB 

^^^^^M 

7 

W-KW 

m-iM6 

3»-<»l 

»tm 

TV* 

Sl-1 

7 

a»-BH 

BBBB 

B-BB 

9tVU 

BB-l 

BI« 

B 

ao-w& 

wou 

B«» 

B-ai7 

Wl 

«5 

a 

SrOU 

a>-m 

aBvM 

SOW 

80-a 

BBB 

B 

B«« 

BSV 

W^M 

arTM 

aa-i 

U-7 

r 

B-HM 

tmot 

B-7B 

B7SS 

at-s 

4B« 

U 

B-TU 

B-TB 

BBl 

B7N 

TB-tt 

Ul 

10 

B*7 

Bil7 

a-4B3 

»■^» 

<9-0 

»S 

U 

BiM 

BOH 

B-ttS 

irat 

M-a 

M-a 

11 

B-«a 

B-M7 

BB»4 

armi 

tn 

•7 

II 

B-OOS 

B'«3 

9(r<J7 

BM} 

a7~s 

»'l 

u 

B-ua 

B'tBS 

B-4B 

B-iSO 

at 

BBl^ 

IS 

B-W7 

WWII 

S*T*t 

B-IU6 

R3'» 

tf'-l 

la 

B-MS 

B-4» 

B-MI 

SHBB 

B7 

V* 

14 

B-7»> 

BMO 

avm 

BXU 

<n-3 

C7 

14 

Bat 

aa-BBO 

B-4}* 

B-4n 

Mt 

4B-7 

11 

a*-iu 

B-SH 

W9M 

ar-aia 

in-7 

aa-a 

u 

B-M? 

»im 

B-»M 

STTilS 

tn 

BM 

14 

tt-«D 

B«i 

B*«J7 

BTU 

«.7 

»!-» 

H 

2»T« 

1»BB 

s»«u 

tarim 

B»l 

»7 

ir 

9l'f«3 

B-m 

B-WI 

BHK 

BM 

u-a 

17 

BTB 

srru 

B-BU 

SB-*! 

ara 

4«-f 

18 

»77« 

B47> 

»m 

BTH 

ltl'5 

w-9 

IB    B-43a 

B-M 

B4U 

SB-47B 

M-a 

4B-S 

11 

B-7U 

S»7^* 

B-oaa 

B7J1 

W1I 

4&« 

HI    arua 

B-IBO 

ar«T 

aawa 

H-S 

«« 

m 

B7UT 

»U1 

B-w* 

BMi 

air; 

*4« 

VI    i»-m 

»-rvi 

B7U* 

1B7U 

M-B 

4D-I 

u 

B-ft« 

■TB? 

»■»« 

a-trs 

SM 

tt« 

a  I  BtB> 

B-TliU 

B-;a4 

S-7U 

iB-3 

43-1 

a 

BKU 

BWI 

BtTO 

anoti 

W4 

Ml-* 

n    »«r7 

WTW 

B«18 

B-»ia 

1*-J 

4r» 

n 

B-DM 

arm 

3a->4» 

UfrWD 

«ra 

BB-t 

aa    Bsau 

a»oai 

au-uM 

BTBTB 

UD 

47-a 

ss 

B-CWl 

»rh.i 

ati-ww 

ai-oTv 

«»« 

BB-O 

M     BBM 

BfBl 

BB-MB 

W«07 

otrs 

M-a 

B-un 

m-m 

»uei7 

:ninu 

mo 

i&t 

BB  '   VMB 

B-BB 

aB«i 

SB^IBB 

■1-v 

U-8 

M 

WDM 

»iv 

B-lVj 

3j-31il 

w-i 

as 

K     BM? 

amw 

BfftlW 

su-taa 

•ra 

34* 

ir 

B-ug 

mrtm 

M-m 

80-Ma 

n-o 

Ui 

17 '  ao-its 

B1W( 

»>^tri 

Bum 

B-O 

U'll 

n 

sD-m 

my*» 

»tM 

n-uo 

«ro 

M2 

B     BBB 

fti-aw 

a>M) 

B-4B 

an 

»% 

M 

»r4M 

»«ni 

W*» 

80-«#' 

Cl-U 

«'» 

B     9B-3M 

SB-BS 

aosH 

ao-an 

«7-« 

«-• 

ao 

30  WU 

SUITS 

aa^n 

ao-au 

otro 

«lt 

ao  1   80«4 

1 

BB8 

aivBV 

ID-BB 

ait 

B-t 

OCTOBBB.  uaa.                                               1 

1 

I 

9D-MT 

vfin 

aa-U7 

SSH 

«ts 

n« 

1     BUO 

ao-oao 

lft«U 

sB-aw 

«»« 

N-« 

a 

B-NV 

B-Ml 

B-MO 

n-r 

4»S 

a 

BW 

BVI7 

B«M 

B-BT 

an 

«r* 

s 

B«U 

B-WO 

B-M* 

»€f* 

tt-4 

at-ft 

3 

BBB 

VMI 

aras7 

BMB 

aai> 

a*« 

« 

B-Wl 

B-7W 

Btao 

B-m 

te-fl 

arfl 

4 

sraii 

BTTO 

BBS 

aa-na 

4B-0 

Vft 

s 

B-lSI 

M-tt* 

avau 

BBa 

«B 

4«'A 

a 

ir«a 

aa-MB 

S»-4«l 

SB-BM 

<»B 

BM 

• 

B.l« 

B-MB 

B-aB 

B-kU 

U'D 

BOil 

B 

B^ias 

Bua 

B-M& 

B-oar 

ar« 

4B-ft 

i 

B-«7 

BMO 

B«e 

ar«« 

U'l 

B»« 

7 

BMW 

B7M 

BWI 

m-Mt    u-B 

44-1 

Bwa 

B7M 

orrtt 

B7B 

B-O 

<ra 

8 

»«B7 

a»«B 

BWff 

IB1«4 

M-B 

il-8 

t 

»7l* 

B-«7 

»mB 

ar«g 

BEB 

B-l 

a 

»*« 

B-BM 

acraa 

39-m 

Bt-B 

B-a 

u 

M-Ht 

B*IS 

ao-iua 

Bias 

H-a 

Bi-a 

» 

aa-ut 

B-an 

aBW 

■B-aaa 

Utt 

aB« 

11 

aart* 

w-su 

ao-ua 

a»B8 

M-B 

4f0 

u 

a>4H 

m-m 

anB7 

wnm 

•»• 

nt 

u 

n-Mt 

»rli7 

a»Mi 

aa-ijs 

H7 

u-o 

11 

a»aa 

BB«U 

ao-BBB 

9na 

ara 

ia« 

u 

ao-ui 

au-Bj 

avjoa 

aa-Mi 

BB-a 

4r« 

18 

ss 

airaH 

aran 

vm 

aa* 

^Bk  ■ 

u 

atfuai 

arso 

yrMt 

SMM 

ni 

M-a 

U 

B-BB 
&«Ui 

BSn 

mmi 

SI 

^^^^^1 

u 

aa-nt 

wan 

au-iB 

a»-ui) 

si-o 

trr 

u 

a»«> 

airiB 

B-ua 

aavi^^^H 

1« 

JiKA 

aHM 

avuM 

B«ia 

Si7 

4Bt 

IB 

aa-BBS 

aawi 

aiHiN 

9rX» 

as 

T^v 

\— 

17 

Btns 

ar>ai 

aiHMa 

anai 

!«;t 

411 

17 

vast 

aoDBs 

BWfl 

mtm 

M-B 

•At 

u 

B-COt 

avMi 

B-M3 

a»«TB 

K» 

43  0 

l» 

B-BS 

m-»m 

BBI 

araa 

BS-3 

art 

II 

Bnv 

B-MI 

B'ina 

B«ua 

tit 

WW 

19 

a»t« 

mwt 

BWB 

ma 

»» 

ao-4 

w 

BfM 

»■*» 

»'&ii 

'>A> 

•>-o 

»-t 

B 

BB-tU 

STTB 

as«T 

Bia» 

BH 

ail 

11 

B-717 

BSI7 

itr«>7 

»-«« 

«s-; 

ai4 

n 

BMI 

B-mi 

ZZ 

Bjn 

447 

ai-8 

11 

B7W 

B-Tfti 

BCM 

ar«U 

«•-*> 

aM 

Si 

B-«as 

B«B     4» 

•B4 

B 

B-MB 

BT7* 

»«a 

anm 

u-s 

a*-* 

B 

BMB 

BVU 

KMH 

arisr 

«B-a 

BT 

H 

B-ttiJ 

•TM 

»>rtM 

OV-Ml 

<ri 

ay* 

>4 

ao-UB 

ao-UB 

ao-144 

B-ISI 

•  I 

ara 

B 

B-Mt 

d»tae 

ao-OM 

an« 

•fi 

naa 

l» 

n-Boa 

BWa 

»7m 

a»aB 

«■« 

B« 

M 

B-B4 

W-«N 

B<t7 

a*-aM 

U3 

3l>-& 

St 

»-?«7 

wm 

i»ma 

arm 

414 

a»« 

r 

B-au 

B-MU 

B'SM 

B4tf 

sm 

4J-3 

t7 

B-SB 

B-m 

B-4B 

BBB 

4M 

B 

B-n« 

UTB 

SB-Ma 

as^M 

»$% 

im 

m 

BIB 

sraB 

B-B7 

ar«i 

BM 

fllA   ^B 

B 

B-au 

B&iCi 

aarai 

t»**0 

Ma 

»« 

B 

BB«7 

•«f 

flP-BSt 

aaiff 

US 

^^^^^1 

B 

3rOH 

B-IB 

aa-iB 

ao-ita 

aai 

an 

ao 

sraB 

BBO 

B-aa7 

aa'wr 

arffl 

^^^^^1 

» 

Bill 

B-lOO 

aa^a 

ao-Mi 

»« 

BB-l 

u 

BJM 

arm 

B-W 

a-MT 

SJl 

^r 

J 

1 

BAROUETER   XSD  THBBMOMETER   READCTOa 


899 


BAROMKTER     ItKADINOS,     kc. 
NOTEUBES,  ISM. 


XEW. 

OT.iftOOW. 

BlEOXSTXK. 

BlBDVKTMa. 

Tu- 
ps ■.ITU  Ut. 

1 

1 

tJUK. 

10a.¥. 

4P.X. 

lA  r.N. 

Hint- 

uilUU 

2 

*t,m. 

U  A,». 

4r.li- 

Vtrjt. 

Uui- 

luuui. 

Hint 
mam. 

aom 

30-IP7 

10-!H7 

au-a:^ 

.-ti-ua  '   30- ITS 

3a-lS7 

au'Sti 

»-6 

87-« 

H 

80- la 

3»U« 

Su-Mll 

30041 

44-1 

W4 

»)"jnt  1  nu-  uo 

autiTu 

3d-lO» 

>»-S 

313 

5 

nii»7 

XI-16B 

■aiBi 

au-ML 

*5lt 

»t'l 

3U-IW 

3lt-»« 

no  3111 

x-m 

«rs 

iH-l> 

4 

m>s» 

n-ii» 

■U-991 

30-S)7 

44  i 

*i'0 

W31I 

»2M 

■MfX 

30-317 

*-? 

:il  » 

n 

SI'SIl 

au-ffis 

no-aics 

au-Jts 

•UU 

ai-« 

3U'3&7 

au-oo 

30'IVU 

aniii 

4C-9 

4S-8 

G 

»'.0I4 

so  371 

W'SU 

M-31ft 

3U7 

»-3 

ai-ISl 

30-110 

3»Ma 

n-ft&i 

1«-A 

46'* 

7 

HO  US 

sa-su 

«I'U7 

X-IIS 

mi 

4^S 

80-t£3 

I»SV1 

3P-a«i 

30-WO 

M-6 

SD-8 

« 

SO'Wtt 

ajxu 

30' JU 

30-43U 

to^o 

33-0 

30-lU 

30-331 

w'Xie. 

aoDDo 

40-1 

M'4 

B 

sb'stia 

80-313 

30-14S 

sa-9e7 

M9 

2B-3 

*iH«7 

B9-7tfi 

w-su 

1D-71S 

U-0 

a>-t 

10 

emw 

WOW 

W-IM 

xi-iaa 

(0-a 

*)■! 

a)1»i 

90-PM 

ap-»i0 

1B-83B 

47-8 

87» 

11 

!M-088 

SDOU 

3n-(ll* 

3IMXM 

AlB 

40-0 

S>-74< 

li-Tltl 

Sfi-747 

10-700 

U-9 

41-7 

11! 

UV-ilM 

SVIMC 

ao-iwr 

ar-im. 

M-3 

*7-4 

Bram 

WM8 

■Man 

aD-*«i 

40-3 

40-4 

13 

a»'ia3 

»?ai 

a)-;i3 

»^M0 

ATS 

M» 

S>-178 

»-ia 

»sao 

01-140 

M-3 

**-T 

14 

uua 

Wl 

ae-iM 

a-iEd 

MH 

SiJ-3 

ITMl 

V<M 

rn-ua 

arav 

U-1 

Sl« 

IS 

W'tf? 

»m 

»-«r 

iB-im 

U'B 

40-0 

s-su 

»«n 

v-4a 

araM 

as-i 

«-• 

tB 

ODU 

WtPOl 

>(I7U 

svMa 

Ml 

3B-7 

«ilW 

•>«s 

M^W 

arwB 

4D-S 

0* 

17 

llft«i7 

IB-US 

2»-l«t 

ae-tfi 

W'l 

Sl-N 

ar««> 

M-OtO 

M-US 

mta 

3S-4 

s»-s 

Ifl 

»X80 

afiM 

n-HS 

■i-Tn 

Wl 

WO 

IR 

VStt 

»» 

»»a 

mm 

ail 

IM 

It 

la-sM 

»4tt 

n-SM 

»-TM 

U'8 

J3-0 

1» 

M-sta 

1»-AM 

n-m 

tt-ftt 

avu 

n-t 

M 

3»M7 

SD-UB 

aovs 

v«u 

4»1> 

»-« 

91 

m-ao 

ao-aa 

HB-SU 

arsn 

tf-i 

u-s 

ta 

ao'ua 

a&>tu 

MhM» 

ai>-isi 

S7-0 

»-o 

SI 

aa-an 

aifsa 

9»M( 

ie«B 

aa-o 

am 

a 

tS-W3 

»«tt 

»MD 

s«aL 

»-9 

BM 

» 

arm 

■V3D0 

»7U 

VIW 

31-S 

u-s 

» 

at-MB 

1S«R 

»H7 

S-M7 

4M 

K'O 

33 

a»-tm 

i»-4n 

a>-4dS 

S'Ma 

4A-1 

ae-« 

M 

WMt 

SrS 

weaa 

»«B 

£8^ 

«tl 

U 

s-ot 

HfiW 

»U7 

a-3is 

4S-7 

43-S 

» 

a»-Mo 

ifr<;0 

«M7« 

SB-tM 

is-7 

41-5 

s» 

srim 

a»-i3i 

2»wn 

W-ISH 

51  1 

4S-1 

sn 

iB>-790 

»-SK 

SD-aos 

S>13) 

U-8 

ta-D 

M 

2e-iia 

88'70L1 

awuui 

se-iHS 

idl-U 

437 

«7 

'Ji'iS) 

ai*:a 

3&-m 

S>1H 

As-a 

SB-S 

W 

saws 

SlfMU 

a'r4i 

mm 

W-0 

41-A 

i-** 

.mais 

3I)**U| 

»)«n 

K-.'tn 

Ml 

ae-s 

20 

SttTTS 

30  773 

»717 

armi 

B«-3 

4St 

») 

HU'JHd 

VllS 

waii7 

atrU? 

W3 

41 -s 

Si 

WK>a 

hO-074 

a>-oaB 

w-iso 

4a-s 

41-4 

» 

90i'«iS 

a)4£0 

a^su 

so-dM 

W2 

ii-t 

90 

»-ui 

30-133 

1»M1 

t»-«79 

4«-l 

«l-» 

OJECJCKBEB,  UBO. 


1 

»-ll4 

ao-iia 

XhOU 

9Mm 

s? 

444 

1 

mm 

ar74n 

SS-78D 

ntxa 

lfl-8 

39-9 

» 

3D-I4d 

so. '4.1 

3n-9S0 

jnta 

aa-0 

8 

30-OM 

8«ir9 

311  1)7 

»'  IW 

44) 

374 

s 

at^jun 

»t:iiri 

3U-1B7 
kO'4M 

ans 

«1 

ao-o 

a 

Si-CO? 

9i-«W 

SUBS 

»>  137 

thl 

379 

4 

W-SM 

30  430 

90-W7 

SO-8 

41-0 

4 

3D-9t» 

3o-n» 

aaxa 

30  XW 

€69 

41-0 

& 

SD-auti 

fk»-*ai 

3U-4M 

V-tTD 

*113 

41-0 

S 

90-218 

av-iSD 

arm 

80-130 

&2'4 

4fl-0 

« 

3(1  44S 

30-4M 

30-104 

»-att 

sa-it 

ir« 

(1 

S>M 

M-UfT 

90-909 

8V391 

^33 

40-0 

T 

»I67V 

3OW0 

3D^« 

ao-sa 

AI-() 

4M 

7 

»}-4t& 

3a«a 

ao-au 

ao-an 

bit 

w« 

It 

9nta 

»m 

30-309 

ao47> 

io-3 

46-V 

« 

3>-33« 

30  309 

*tua 

9D-Ltt 

ao-9 

4S-7 

» 

aa'4U 

90-4X1 

ao-MS 

at-ssr 

MO 

4S1 

0 

30-117 

aaiM 

ao'us 

30-180 

BO-1 

46 '8 

IV 

30- su 

ao-ST4 

JO'iOS 

w-sa 

U'3 

4Cr« 

10 

9P-1NU 

30-010 

arofi? 

80-140 

ftl-3 

41-D 

tl 

atfm 

gD'9(W 

»1  US 

Slow 

47-0 

381 

11 

»-(Wg 

10  870 

B9-7W 

»-nu 

.VI 'll 

4r8 

IS 

WHW 

90-11(9 

Mlit 

»rH<s 

4U-0 

43-4 

13 

99-7*3 

tvwi 

artis 

89-709 

4;i-B 

W» 

13 

saiM 

1I9-97S 

aiHM 

»»» 

Aa-3 

4es 

U 

i8-n» 

9»'74B 

99-7U 

t»-6B9 

4S'8 

3.11 

14 

svaat 

van 

»ilU 

awpw 

M-3 

96-11 

14 

IDTBI 

3»834 

9i-KV 

89-au 

87-0 

miv 

lA 

tO'BH 

»'«84 

D-47S 

SCOI 

M'D 

Sl-9 

15 

SS-MS 

i»<i4 

90-179 

89-9SB 

80-0 

2P4 

Itf 

ai-KM 

1IV-A30 

S&-6S7 

IB710 

47-fl 

87-« 

^9 

aC477 

sa'fln 

»-7M 

a9«6 

38-9 

ai-D 

17 

£9  711 

2!iTSB 

ZU'VTS 

SS-C43 

3B-B 

»3 

17 

a-8u 

so-aia 

W-7S1 

tMn 

81-0 

ISA 

IS 

KI'U£J 

W-MU 

at-m 

a(i-47> 

iB-4 

as-H 

IH 

lfi-414 

I0-I60 

S'WN 

flvTO 

30-S 

»6-0 

tl» 

2»i^ 

lO'Sao 

ge-&S8 

aa-B3i 

44  it 

sj-n 

13 

38-739 

sr«ao 

I»1I0 

89-188 

80-8 

389 

:i<) 

i">ll7 

W4se 

8S-43> 

le-aoo 

WS 

Si-4 

30 

sriss 

9B'ai7 

IB'84S 

89-480 

srs 

31 -B 

HI 

29  ^79 

RfrSTS 

80'OSa 

30-127 

30-8 

H-8 

XI 

91-070 

1»871 

»Bce 

89M1 

9t0 

30-3 

Z! 

WO'il 

»-77a 

w-taa 

2B«a 

H-9 

se^ 

ss 

vmt 

1D'«M 

V-ESl 

89-MS 

8S-S 

80-3 

lEI 

SS501 

WiK 

JM7» 

l>-IM 

S4-a 

49-fi 

B 

ss-uo 

30^170 

9B-08E 

U470 

443 

3S9 

•ii 

Wl» 

8»-l5G 

t»«8 

K-4til 

»i 

aa-B 

H 

»^t8 

snu 

90-SlS 

ap-STS 

80-8 

ao-0 

B 

S9'47B 

SBU7 

lO^M 

»-7U 

.18-0 

s3-a 

99 

I0-2W 

sfjea 

99  431 

sens 

37-8 

80« 

W 

19714 

w«a8 

S8'C17 

19-ua 

9S-S 

lU-O 

M 

30-510 

»m 

9B-CB 

99-407 

89-9 

87-a 

H7 

3>-*40 

W-3U 

ie-4«i 

W-MO 

30-3 

S3-1 

S7 

arvs 

30- ca 

»«« 

ao'Ua 

an 

ao-* 

in 

ataa 

9i-a87 

ao-us 

SB-S7V 

s-i 

4£I'B 

a* 

9-47S 

9>-H? 

V-tPO 

80-478 

38-9 

3fr« 

» 

»-lM 

9B-4U 

3D-1» 

vul 

at 

4J0 

» 

3B-(4> 

99-404 

S-311 

lanm 

M* 

841 

ao 

i»-aw 

w-aso 

ia«ts 

B«5 

48-a 

!U3 

30 

SB-UO 

19'WO 

Mia 

80-4M 

SB'S 

8a-& 

81 

»«17 

90«73 

ao-ni 

30-380 

W-3 

SJ-3 

31 

za-m 

»M9i 

90-061 

SMoe 

»0 

86-9 

r 


k '%  s  s  ^  '$  ^  s 


'Si  '^  a  'u\'%si  f 


is 


y*7»^// 


ilVSlS'lJ^H 


o 

s 


J 


I- 

U 

3 


a 
•% 
III 


n 


INDEX     TO    VOL.    XXX, 


Aoci  DBXTt.    <8m  SvHer  AeeidtHit.) 

AoOliniLtH.  XLt. 

Aoomb  pit,  Ugbtning  In,  il. 

Adnrtintnent,  xi. 

AVALTSH:  BamH  from  Antrim.  111.— 
Bristol  cimX,  Ifl,  —  Oriwttui  of  Norn 
Scotiu.  58.  S9,  60,  C3.— Hmnatit?  nro 
from  Nftbgil]  vein,  £9. — ludiAri  coal,  15, 
16.— PI»oIilie  and  otlior  orM.  109, 

Antrira.  imn  orr*  of,  1j;  J.  D.  Kendall. 
(S*9  Iron  Ore*.  Ac.) 

AMOCiftt«  Uombora,  uxif. 

BHilatinfT  Liat,  Ifil. 

Birnimctiir  rMiJin^.  Appnodii,  208.— 
DinBTnnw.— Pluttw  1,  2,  S,  ■*.  Apjji'tidil. 

Bell  Qi-»tl)cr«,  Invitntirai  to  ^Uit  cul- 
licries,  Ac,  269. 

Bewlcic,  T.  J.,  Xntv«  on  IKumoDd  roclc 
boring.     (;Sw  yottt  on.  Ac.) 

BoiU-r  ucrid^nt*  anil  Ihtir  prevention,  lij 
D.  P.  Mi}|-i«oii,  Part  iv.  niid  Cuut'Iiivii^ti, 
71-— On  the  cotutnictian  of  boi]«r« — 
Of  irhat  inatcrinlo  thoiild  tlio  trailer  be 
MnrtriMtcd;  ?  71.— Of  wliul  furm,  72  — 
Mnrliio  boIk-M— Loftittiolivo  bvilurk,  73. 
— Iiiiiini*hirp  and  Coniinh  boiler*,  7*. 
— Hawk*ley  and  Wild'n  improved  LftU- 
eaahire  and  Cftmi*!!  hoilora — nam 
cylinder  boilom— MiiltiluWlnr  boileri, 
75.^  How  iihi»)td  a  lioilcr  be  cuti- 
•tractcdP  7fl.— Gencr*!  Sutnnaiy,  80. 
^Di^CBKwd,  81 . 

PlaUt.~l3.  SAmplca  of  bo«t  Vork- 
Blilr«  (Pariilty)  tubw  cillapwd  witb- 
oat  damage— 11.   Marine  boilor,  lialf 

VOL  ]ux.-)m. 


section,  linlf  I'ltrntinn.— IS.  MarlDC 
builer.lon^tiidin&l  section. — IK.  Lo* 
coii]»Uvp  hiiler,  b^iigitudinal  MCtimi. 
— 17.  [.ncuinolive  boiler.  luilf-«nd 
elev»titm.  lialf  •ocLioii.— 18.  Lsrcb- 
tiLlrc  or  double -tilled  boiler,  ndo 
i-U'valiu  11,-19.  Tbe  nunc,  with  Oal- 
Inna;'*  tube*,  cruM  Mtctiuu.  —  tO. 
Hawkslx'T.  Wild,  auil  i'a.'n  flanged 
lluM  twiilrn.  tinigitiidina]  M«tioii  and 
■peliiitud  plan.— 21.  SliowiuR  elTi,>ct< 
«f  overheating.- 22.  Haw  kale j^,  Wild, 
and  C*o-'s  vafety  Mcam  b<^r, 
Hnldon  Coltipry,  cipcrimtntJi  at,  thnwing 
tliii  prc-Mnnv  nf  f^x  i»  the  antid  ccial. 

n;a 

lloring  npittrarti*.  (Sec  Jfffirrton't  Auto- 
matio  Boring  Apparotv*,  Holf  oh 
Diamond  Sod  fiorinff.  and  Craiitton'* 

Dt^p-horitcg  Miij-hint.y 

Brlitaloiml,  la 

Urotvn,  Jiihn,  Letter  from,  on  HgKtiiiuK 

at  Canno«k  Cluuo  Col]!eH«a.  131. 
B;e-lavr>,  iril. 

Cannock   Cbaso  Collieries,  liglitninff  at. 

letttrr  fruiu  Mr.  Jubii  Bmnn,  131, 
CbartCT,  ciipy  of,  sii. 
Cleveland.— Invitation  toriitl  Mvmra.  B«U 

Brutbi:r<'  cullik'rion,  269. 
Cial,  preMuro  of  gaa  In.     (Sna  £xj>»ri- 

mtntt,  Ac.) 
C-Ml-lidi],   Kiirliii I' bailee.     (Se«  iiurkur- 

balU*.} 
Coal  vrurking.  India,  30. 
Coke  making.  India.  19. 

NH 


^^K                                                            ^^^^^^^^^^^^^^1 

^^^H              CdleK«  buildliiff,  133. 

]ii>[ira  atid  tiavi  aft«r  tb»  briritig   uf 

^^H              OontotiM  of  voluina.  iii. 

th«  ImIm.— 40.   Diafrntn  •Iwwiii^  tbc 

^^^H                Cnnneil  repcirt,  t. 

]>raMvr««  Qf  gaa  at  tbc  ^^ne  Loan 

^^H              Cnnston't  decjt-boring  muUno  in  nae  at 

&tid  days    after  tbo  boring  of   the 

^^B                ttw  work*  of  tlw  Wwt  H&rtlopoo]  Qu 

liolea  io  tba  Elvaion)  eipprtmcnt,  the 

^^^^^          uid  Water  Cotnpanjr.  £63. 

Helton  eapcritiiCQt,  oiid  in  Noa.  1,  8, 

^^^^^H          Ptatn. — i6.    Stda  vlo* alioii  uf  tUu  ma- 

•nd    3    Ki^letoti   experitnonla. — 4X. 

^^^^^H               diiiw.  ftni)  akfteh  at  drill  bit,— 47. 

mtio.  ditto.  Not.  4,  6,  6.  7,  and  8 

^^^^^^B             Front  t>lontioii  of  tbo  tnoubinc. 

Bppleton    tuperiiariita.- 42.     Ditto, 

^              Cmnlxrland,  Hcmatit«  dff|M>Itaof.     (Sm 

ditto,Bu1d»noipcriEturBta.  — 13.  Ditto, 

^^H                   BrmtiUtt  DtpMiti.) 

ditto,     llarton      cipcrimetits.  —  44. 

Diograrai  abowtng   tho  axpcririMnta 

^^^B               DMvripUon  of  a  Sinkin?  tvt  filled  with 

amiiffnl  aveordiag  to  Iha  depth  of 

^^^^                   new   WuidbM*  pmlMtor  niid   Suctioit 

tlie  holea.— 45.     I'laii  alionlog  ooa> 

^^^^^^^          re^lator,    rnininiinlcated    b^    Boni^ 

nectlona  from  borebolc  to  ftMOOWUf 

^^^^^H          Richnrdaon,  4S.— Dowription  [>f    Ap- 

and.  iiwtcr. 

^^^^^H          pintua,   Id.— Method  nf  raidng  and 

WottdemU.—SaelioM  abtming  amiig»- 

^^^^^H          lowering,  GO.  — Idvantagm  ^uikI  bjr 

ment  <A  imutiilai;.  k«. — No.  1.  El*- 

^^^^^^P          9nng  Dig  a|tjiarttttM,  &I . 

more.  IBS.— NI^S.  llrttMti,  169.- No. 

^^^V                 Pfalt.—il.   Dnu'iutr*  of lh« a|»p«rataa. 

9,  Ep|ilvtoii  t,  175.— No.  4,  Epfletoa 

^^^H                 UinuiLnid  rtfck  boring.    {Scvyolrtom.Ac.} 

2,176.- No.  S,  Kp]4etoa    S.   17&— 

^^^M               DLkIiiuvc  of  li^liEiitng  at  KimblMwortli 

No.6.  ^>pleton  4, 6. 6, 7, 1S5.-NO.  7, 

^^^^H           CuUico^,  Oq  *,  b;  Johu  Da«li>b,  129. 

Boldon  1. 196.— No.  8,  Boldoa  2, 198. 

—No,  9.  Buldon  S,  202.— No.  10.  Bol- 

^^^^^        RIoction  of  .Mcnbera,  1,  26.  47,  69,  91, 

doB  4. 806.— No.  U,  BoldM  ■kSOS.- 

^^1                   119.133.1:9.161. 

No.  12.  Harton  1.218.- No.  13.Uartoa 

^^M                 Electric  laJDi>.  .1.  W.  Swau'a.  148. 

2,  215.  — No.  14,   HortoB    3.    2I& 

^^^B                 BUsmon  Ciillkry,  Kxp«riiiie»b  at.  ibow- 

Pl»mt.—  No.  L    8hoH-Iug  tbc  jwMitioa 

^^^1                     ing  pmaurv  uf  gnt  in  tli«  mIIiI  uost,  163. 

of  tboworkiiigi  in  irbtcb  tbo  Epptotoa 

^^H                Bppl«Cion  Collwf^.  ditto,  ditto,  163. 

experiuMita  wen  Diad«.— No.  S.    An 

^^^^^          BiPBBixisn  ilMH-iiig  tb«  imMura  of 

enlargeoMut  of  «  portiwa  of  No.  1. 

^^^^^^            ^  is  tbo  wUd  ocial,  hy  LiudMjr  Wood, 

•bowing    ibe    winniiig  rroaaeuta  in 

^^^^^B             163.  -  InlrvMlucliou,  163. — ExpvrinMllll 

whkh  tbo  oxpvtiractita  wvra  iiiad*.-> 

^^^^^^1          at   KlouKirc  Cti)lj«tT,  MctSon  of  atnltt 

No.  8.     Showing  Lbe  puallioa  of  tW 

^^^^^H          Ac..  IM— Ktperiinvnu  ml  He<taa  Col- 

wurkinjfo  in  vbivb  tlw  BvUtd  axpari- 

^^^^^H            liATj,  MKtion  of  atrkU,  Ac.  167. — Bi> 

moDtji  Nnn  tooAo. — No.  4.    An  an* 

^^^^^H           periuniu  at   Boldou  CoUier;,  iKlioQ 

laTfcunit  of  a  portton  of    No.  1; 

^^^^^H            of   itnta,   Jke.,   191.— Exfwrinwiita   at 

•bowing  tlw  podtloa  of  tho   bobo 

^^^^^H           HuKHt  CoQiwr;,  MOtMin  of  atrata,  Ac, 

bored  for  the  flrtt  lonr  cxpaetawafea. — 

^^^^^M           SIO.— Stunuiary.  231.— Tabk  aliovlag 

No  6.    Sliowlng  llw  wnrUop  in  No. 

^^^^^H           tba  raautu  of  aU  tk«  oipcrimotita,  ttk 

1,   Uoklcr  UotMo  Dktflrt,    Harton. 

^^^^^^M            —TalAm  aboirbig  full  parUcntara  et  all 

JP/«oofi'oa«.  —  No.  1,    Shooing  tkw 

^^^^^B           tlw  csparimuiu:  Ekmare,  SS&— Hct- 

poiltian  of  tbp  Boldoa  1,2.8  bolaa  la 

^^^^K           tm,  220— Epfdaton,  227— B>•L>l•)i^  246 

Ibo  fae«  tif  tbo  Inard,  1»7.— No.  t. 

^^^^H           -  Oartmi,  2»1.     Paper  discoMed.  267. 

Showing  the  iwailion  of  BoldoM  If& 

^^^^H           P/ofM.— 39.    SjiKifitioal    tabl«  ahow- 

4  holo  la  tho  (oM  of  tho  aMnlMK, 

^^^^^H              bif  tlw  pKtatuM  of  gu  at  Ibr  Mine 

aoa— No.  R.   Showing  llw  pMltlMi  of 

IK01U. 
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BoMrtn  No*  5  hnle  in  the  faw  of  Ihe 
•tcRtoD,  208.— No.  4.  Showing  the 
poaitjon  oF  llnrliiri  1  Mnd  S  linl^H  in 
the  uarrdw  bonrd,*  21-i.— >'o.  6. 
Sliowing  tl)«  pncition  nf  tba  Ilkiian 
No.  8  hole  ill  the  itenton,  217. 

Rnance  Commltteo'*  report,  ti. 
Forms  of  nofnhMtum  of  inemben,  Uv. 
Frrir«-MarrcvQ,  Prof.,  Lnminona  pAint,  Zi, 

CiiM  in  rnal,     (Se*  Efpfri'mfl*.  Ac.) 

0«ncmt  statement  of  •c<'oiint<,  sri. 

Oilpin,  EdwEn,  On  lh«  jfygMum  of  N«ivk 
Scotia.    (See  Oyftutn.) 

Onffint  Voota»tor.  (Svv  £e/>ort  of  Com- 
mt'ttfr  on  Sifrhanical  I'ritlihift/rt.) 

Orcen««ll,  0.  C,  Retnarlcf  it  th*!  eipim- 
tjon  of  bit  tern)  tif  |>miileiicy,  2in!>. 

OjiJtum  if  yova  Scoltn.  by  Mwin  Gilpin, 
63, — Age  of  Ilirp.vpKUiiJ.Ga. — AtRM-intod 
>mta,&l.— Thiokniw  of  the  lower  car- 
Imiiifproui  tratriuo  limcutonpi — tlililon 
rf  the  g^paiim,  5fi.— Tane'ttc*  of  th* 
gvpKiim,  57, — Aniil)  «*,  58, 60,  60,65.— 
Minentla  ■uKK-iati.tl  witti  tin-  K5|«uni, 
60. — Origin  of  the  ^jpaiini,  GO.— AppU- 
ntlon  of  (h*  Kjl"iiin,  H-i. — S[«ti«tica, 
65.—  K*port,  4c.,  66. — I>i*<mMi*<l,  67. 
Plate. — 1 2.  .Slietcb  map  —  A]ti>roxiniatc 
diKtribulioiifif  ttic  c«rI»Diiifint>ii»»prip« 
af  Van  Sotla  and  Xn*  Bruniwi'ick. 

BarUin  CaClirrv,  rxiwrimtTntu  bI.  iVionring 
the  pr«sanr<a  of  i^w  in  the  ■olid  tonl,  IfiS, 

HflLviaido,  Mr.,  On  liglilniog  in  pit9.  4$, 

BeWMfMe,  oritrin  of,  (9.  A.  Ix^honr,  20. 

Hisniatit*  (l^ponit*  <if  We«t  Ciinib«r1and. 
by  J.  D.  KeiicUiU.  27.— .Swiioii  of  purt 
of  vdn,  28. — Anal«j>iii  of  ore  frnin  the 
XabgilL  veini,  29.— T)tMiw*-^l.  29,— 
Further  dii^OKhrnn  and  additional  n«t«« 
bj  Mr.  Kfnidull,  llfl. 

Hertohol.  Prof.,  On  lightning  in  cool- 
pitn,  S7. 

Hetton  CoUierj.  nperiinenta  at,  Nhowiog 
the  im-uarf  of  gAt  in  Iho  aulid  taaH,  163. 

Hononry  mcuibers.srLii. 


Indian  cial*.      (3ev  Kurkurh»llr»  Coat' 

In>nineampr«aiion.  {i^'^Strempfhtif^tiV.) 
Ininonupf  Aulrim,  Thp,  by  J.  D.  KliuUII. 
^[ode'  in  which  tb*  mwi  occur  and  Ikrir 
natutc.  107.— AualyM*  of  piwlitie  ore 
and  of  MiiiplM  tjikcm  cUictly  from  tlie 
bol*,  109.-;-OTiiiiii  of  the  ilepo*it^  1 10. — 
Aiulyiea  of  biMtit  from  Antrim,  111. — 
Age  of  (he  deposita,  112.— DiKuucd, 
113. 

i>/aJ^.— 23,24,35.2?.  Sketcfaea  illu. 
t rating  the  ]>ipcT. 

Jttfferaou'a   aiitiiBiatie,    fr«o.falling,    hy 

(tmnlic  boring apparatoft,  DitenMion  m. 
to.  —  <.'oin]innilivv  tnbl«  >hou-iiig  the 
work  pCTformed  by  variani  ty<l«tnt  and 

tbc  eittX. 

Kendall,  J.  D.,  On  the  Hematit*  cUponta 
of  We«t  OuuberUtitl.  (See  Be>»atiU 
I}ep»ti(t.)  On  Iho  Iron  ore*  of  Antrim. 
(S««  Iron  Ortt,  Af.) 

KiuiblL<9vr[)rth  Collivry,  On  s  ditcliarg«  of 
tight iiliig  at,  by  John  I>i)Kli»1i,  1 29. 

Kiiid-Clia  lid  roil  aitikiii);  ajijairuUi*.  4fi. 

Kurliurballee  Coal-fiold,  llie,  vritb  tome 
rcinarlu  on  Indian  roaU,  by  Walter 
Salxj,  D.Si>.,  3.— J^ititntion  of  tlto  coal- 
Hl'M  The  Busl-lrKliaii  Knilvay,  S.— 
Lwuling-w-harvm  L'anvryancv — Geo- 
logj-  of  Ihi-  dtxtricL  4,  —  The  «»]- 
measure*,  7.-  Svctions,  fl.-  Quantity  of 
eoal,  14.— Ontjnil,  rjtiality.aiid  tvimpoej. 
tiau  ef  the  coal,  Ifr.^Coin|iari«in  iritb 
Engtiab  coabH- Brtalol  cuiL  18.~Coke> 
making  -Ago  of  thi-  ciuil-nnHuuroe— 
Fonila,  111.— Mtftbod  .J  wwrkitiK-  20. — 
Tool*— Native  labour  iind  wage*,  21.— 
Holiduyn,  22.— Lam ])•— Machinery.  23. 
—  OiicuMcd.  £4. 

riat*». — 1.  Sketch  inap  of  the  Kur- 
hurfaallre  eoal-fleld.— 2.  I>iBt;mBi' 
matic  Mctinna  acrom  tbt  Add.— 8. 
Sections  of  aliafU  and  lioringa.^-4. 
Sactiont  of  lower  aaam.— S.    Seollone 
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of  ii]i[Kit  ninm.  ^G,  Suctian*  nf 
Bhoddoab  mala  toam. — 7.  SmUohs 
Uluitrating  the  occurrenc*  of  Tmp. 

LeV>ur.  Q.  A.,  Ortiriu  of  liemntite.  29, — 

On  the  roincTiU  rvnoorcv*  of  the-  country 

between  Hotlibiiry  uid  W<toIer.     (Sm 

MintraJ  Sttourctt,  Ac.) 

Uf«  mi'iDhcrn.  xviii. 

Ligbtning  at  CRnnc«k  Chaae   Collii^rlM. 

Letter  <m,  by  John  ttrawn.  131, 
Lightning  at   K iinble«w-cirtb  CollLciy,  Oa, 
by  Juhn  DaglUh.  1S9. 
Platw. — 29.     Plui  ahowing  pOHtion  of 
■hafto,  &c. 
Li|;btniti|;    ia   Uw   pit  ftt   Tanfield  Moor 
Colliery.    31.— DUemied.  36.— Prof. 
BrnKb^r*  remark*,  VJ.       Acnmb  I^t, 
41. — RlwB  Gsplnidatk,  42. — Letter  from 
Mr.  Hoftriride,  43. 

i>/afM.— 8.  Bottom  of  abaft,  Tuifidd 
Moor  CnlJiory.  — y.  rortinti  uf  work- 
ings in  the  Shield  Row  f«iim.— 10. 
WtUie  Pit  aluift,  alioiriijg  jioaiUOD  of 
pipw.  figniU  vi\t<t,  &«. 
LttiDiti-oui  puuiU  24. 

Mctihuiical  veutiUlorf;   Itvport  of  Com- 

mitt*f.  (Soo  Sfforl,  Ac.) 
Meubeim,  llvnanuy,  tvlti.— Life,  xv^U. 
— Origiiutl.  II.  —  Onlitutry,  uiir. — 
Ai<iM4Kbe,  uilv.~  Students,  zxxvl. 
UinoTBl  rfwinrcM  of  tbe  coniitrr  botwwn 
Botlibury  Md  H'ookr,  XortbamberlMiid, 
by  O.  A.  l*botir.  Ul.— OwJngy  of  tb« 
diitrict,  12l.-lln>1dittg  atane*,  lU.— 
OrtiuMntal  (tone*  —  Luncttonoi  —  Cv 
BWA  itoDM,  IS9.— Clay*— Cbdi.  1S4.— 
Oiw  —  CoDtlaiion.  IKS.  —  Difonwad. 
126. 

FMet.—t7.  Sketch  map  illoftratlng 
tlu>  paper.— 28.  Fig.  1.  sketch  ncc- 
tlon  •lioiring  gipiwral  arraDgcioeDt  at 
the  rock-maAica  from  tho  Cheviot  in 
any  direction  along  the  dip;  Fig.  t. 
diafMiB  section  In  direction  of  ttrikc. 
■howiof  the  im^lar  diitiibulioD  of 
theflMBSnt  ttuiieaiii  the  TuedianwiiEw. 


Niiiiii  »piitil*t'>r.  (S»ii>  Beftorl  tif  Com* 
mitU*  M  JfeeAimieal  Vftilatan,) 

NoRitiiattitn  nf  Di«iiilieni,  Fnm*  fnr,  lEv. 

Xota  Ml  Diamond  rock  boring,  by  T.  J. 
Bo-^ictW  — A»  tocorea.93.— E»nplM 
of  work  d>nc  in  rariooa  pUc«h  M. — 
SMtlon  of  atrnta  bored  tWiiMi^li  it 
Clapton,  04.--Tha  Su1>-Weald«n  Inre- 
bol*,  9&. — Seoticnaof  other  *tnla  Iwrvd 
througb,  06. 07. — As  to  tb«  eomparatira 
onst  by  tba  mpe.  rigid  rod.  and  diamond 
drill  systems,  fliS.— K« marks  by  Cokiui] 
[Winiiont,  99,  100.— iJUt-aurd,  101. — 
Section  of  stnta  burcd  thrungb  at 
Coastbj,  Mar  Hcthsm.  108. 

Nova  Sootia,  Rdwin  Gilpin,  Un  tbeOyima 
of.     (S«e  Ofpnm^.) 

Officsra,  zii. 

Ordinary  members,  isiir. 

Ores.  On  tho  tnalment  of,  by  CbariM' 

Parkin.     (Sm  Trmlm^mt  o/  0/w.A«.) 
Original  members,  as. 

Parkin,  0 Wins,  On  tbo  treatment  of  oraa. 

(Sen  3>va(iiiea(  of,  ha.) 
Patrons,  ivii. 
Prcaideot's  mnarits  «t  th«  cxpiralion  of 

hi*  term  of  olDre,  269. 
I'rcssureofgasiiidoaL  (SeeCrpmBcmfa.) 

Report  nf  the  Commilln*  on  Meebaniea] 
Ventilators,  S!73. — Machinm  selected  for 
lbcetporim«Ua,l7>.-  Mode<>fc«induct' 
ing  the  «xperf menta.  kj-t.—  liMrameQU ) 
lucd.  27R.— Tabular  statniMiit  </ 1 
obtstned.  »8.— Tbo  Sohlek  vntibtar' 
at  Car  House,  RotheAaBt,  tTP.— n* 
Nixon  rentilater  at  I>oep  DnRVyu  CeJ- 
lirry.  Mountain  Asli.  ZSO.— The  Strnr^ 
veniilstuT  St  Cwm  Avtn  Cotliery,  Tid- 
l>ch.  S82.— TIm  Roots'  enltlafaM-  al 
Cbilton  Colliery,  Doriiam,  BM.— Tha 
nofflut  Tvnltlator  at  Horlwi  i  TUleqr, 
Liege  88k— IWwlatcd  resnlU  of  expert - 
meotJ^np. 


LVDEX.                      ^^^^^^^           OOS 

Ptsttt. — 4fl.    Mac1iiiii!<  for  tMliiiff  lli< 

ftoxiMiathaTnedluMriei,  Piatt  2^— 

•neiooaii-U'r*. — 19.     M'-di'  of  letting 

Strata  ■link  tbroogh  at  HtJdriTi  Cdllierj. 

thr  inAieutni'  upriilg*.— liO.     I>rftwin^ 

101.— Ditto,  EkuitfT*  ColUerj.  IftV.— 

cif  veiitilittort  alrcntlr  (li(>icr[b«l  In  llie 

Ditto,  Kj)]ilcton  Colliei7,  171.— Uitlo, 

Tntniwetiaiia.— ^1,  hi-     Krhide  ven- 

Harton (;olli<,Ty.  £10.— Ditto,  Ilatton 

tilator.— 63.  54,  55.  Bill.  87.     Nixon 

C'tillinrj-,  lfi7. 

YMitiUtiiT. — S8,  69,  fiO,  Bl.     Ktrnv* 

SiulilQ^iwt  fitted  with  windbore  pTaCe«tor, 

vcmtiUtor.— 62.     Roots'  Tentllator.— 

Ac.     (.See  Dftcnptiom  of,  Ac.) 

B3.    Bl.       Offfiiit    vcntiktot.  —  65. 

Stj<plieRMn  eentcruu-j.  Colle^a  building, 

Dinf^ms  front  on^inm  &ud  dotalla  of 

133. 

ralvei,  (luffiiit  vcnlilatnr. 

Streuglli  of  wrun^ht  troa  in  comprwMleii. 

Report  of  Council,  r. 

by  J.  \V.  Kirliunliuiii,  ditciiMed.  89. 

Bi'fiort  of  F!)i«iir«  pDmmiUm,  ix. 

Stnivd  vvjitilator.     {Hco  Btporl  of  Com- 

Rtclianlaoti,  J.  W.,  pRp«r"Oii  tke atrciu|:th 

millM  ojt  Jlfvianival  Ventiiatort,') 

of  wrciught  iraii  iu  coniprt«iitin,'"  di** 

Stiid<>nU,  iKsri. 

CTUeea,  m. 

SubtcriUng  coUlorieai  ti. 

Ilirlinntinn,   II.,  DpstriptJoTi  ofii  Slnlduc 

Subacriptiona,  Accoaiit  of.  lii. 

set  fitted  mth  new  WinillHuv  pn>t«ctor 

Sub-W«adeti  bonhoU.  95. 

uid  Suction  rrgulBlcT.     (Sw  DtKrip- 

Suction  Kffulator,  Sinking  aet  fitted  wlUk 

tiM  Of.  Ac.) 

(See  DttoripKon  of,  Ac.) 

RicOJ)  nxjiloatnu.  Ilghttihi^,  43. 

Sw-an'a  etcctrio  Ltmp  aaappllxgd  to  mining. 

Rock  bnrini;.     (8ee  Ifeiea  on,  &e.) 

I>cacriptiDU  of,  149. 

Roots'  vDntilntor.     (i^re  Brpori  of  Com- 

Pto/«.— 38.     SecUuual  drawing  of  th« 

mitlM  tiH  Mechaiticai  I'entHaiorg.) 

lamp. 

BothbtiTT  and  Wocilcr,  Mi'iml  rf«ourcM 

of  tlm  i'oiinl.rj  lictwiwii,  li_v  (i.  A,  Ijobour. 

TmiIii'IJ  Mnor  Colliery,  Ligbtaing  in  tba 

(Se«  MtHtitil  JZfnrurcM.  AcJ 

pit  at.  29.                                                                  ^^^ 

Ilnfsl  Charter,  copy  of,  xii. 

Treamirer'*  account,                                                  ^^^H 

Rulca,  xlvti. 

Treatment  of  on^.  On  the.  bj  Cbarlea           ^^^| 

Parkin,    13D.  —  Cm-liimr,    135.— C«iu-             ^^H 

Saies,  Dn.,  On  Indian  <>oalB,    (See  £jir> 

pnratiirc    co«t    of    brenkiiig    bjr    liand             ^^^^| 

AmrtallM  Coaljirld.) 

lalwiir  atid  ttoiic-brvaker.  137.— Stamp-             ^^^^ 

SchifU  rentilat^r.    {S««  SepOrt  o/  Com- 

in(r,    ISa— C<aat   of    ilainpiug.   140—             ^^H 

mUft*  om  Mreionicitl  rtitfftafort.) 

Coispamtivv  rmutts  of  West  BuMOlt          ^^^^ 

SkcTIOITB;— K«rliurUlk*ccfflJ.firld,9,tti«) 

(tamping  etigtuaa,  old  and   new,  for  a             ^^^^| 

/*/«/«  2,  3.  4.  5,  fl.  7.— Hematite  Ye!n. 

woi-k.  111.— CoAt  of  Btamptiig  tiiistona            ^^^| 

Wfst  CumhcrlnnJ,  28.  — SlmtaJn  Pictcin 

and  bringing  it  into  wbitu — Fiilveriiing,            ^^^^| 

Cnnnt;,  64.-Slmta  it    Ckptfln    and 

lis.— Ji^ng,  144.— BuddUng.  14&—           ^^H 

othrr  plncvs  boml  lliruiisli  by  the  iJiii- 

TnuJtig  mid  (lorkiiig  nuxiliiinv^  I4tt.                       ^^^^| 

fiioiid  rock  drill,  9i.  Il6.  y7.-Slnila  at 

Plal«a.~m\.     I'b^  onliuary  cam  stamp.            ^^^H 

CnMtl^f,  near    lleiliiLia.    103.— Skvtrh 

—  31.      'tlio  gjueunulic  ilainp,   finnt              ^^^^| 

auction,  showing  gennnt  armngunn^t 

vliir.— as.     Th*  pnenmatio  rtamp.          ^^^| 

of  the  rock  najueii  from  tlie  Cb«vIot  In 

aido  vi«w.— 33.     Dingoj's  pnlvariaor,            ^^^^| 

anydlrcctlac  along  t)i«  dip:  ai)d  Diagram 

—M.    Colloon's  jigger.  H«tional  do-           ^^^| 

■ectiou  iti  direction  of  strike,  thowing 

vatioii— 35.      CoUoni'*  jigger,  plan           ^^^H 

the  irt^tilar  dittnbutiou  at  the  ocnwnt 

and  croaa  iccUun.— 36.     Tbu  oouoavo            ^^^H 

Nrw>  ASTl.E  li'-lS-Tl  NK  :    A      liHV;    rniNTrN'^    rv»   HT    hi    I1,[>1Si.S    *KK>sri>r    HILL. 
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